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PREFACE. 


/ 

THE  want  of  a  popular  treatifc  of  phi- 
lofophy,  one  which  might  ferve  as  a 
proper   introdu&ion  to   natural   hiftory;    to 
explain  to  general  readers  the  great  principles 
;  and  operations  of  nature  $  to  give,  in  a  united 

v-    view,  the  difcoveries  of  the  moderns  on  thefe 

^  »  ...         ... 

^  important  fubje&s,  firft  fuggefted  to  me  the 
;x  prefent  undertaking. 

It  is  now  many  years  fince  I  projected  this 
work,  and  I  intended  to  have  termed  it,  "  The 
Philofophy  of  Natural  Hiftory." — In  that  title 
I  have  been  anticipated ;  but  my  plan,  though 
long  fince  announced  very  amply  to  the  pub- 
lic, has  not  yet  been  anticipated,  and  the  work 
is  ftill  as  much  wanted  as  when  I  firft  con- 
ceived the  intention  of  undertaking*  it, 
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To  diftinguifli  certainty  from  conjecture  is 
the  moft  difficult  tafk  of  the  fcholar ;  a  tafk 
which  few  find  leifure,  fortitude,  or  attention 
to  complete.  In  the  prefent  imperfect  ftate 
of  knowledge,  when  I  fay  certainty^  I  per- 
haps would  confine  the  refearches  of  human 
wifdom  within  too  narrow  limits ;  and  pro~ 
bability  may  be  the  more  fuitable  expreffionji 
which  muft,  indeed,  comprehend  no  inconfi- 
derable  portion  of  our  difcoveries  in  nature, 
To  feparate,  therefore,  the  probable  from  the 
fanciful,  was  my  firft  objedt ;  and,  if  I  was  not 
apprehenfive  of  being  thought  too  afluming,  X 
would  add,  the  ufeful  from  the  fpeculative* 
I  have  obferved,  that  in  all  fciences  the  prin- 
cipal difficulties  arife  from  certain  controverted 
and  difputable  points,  which  are  of  little  im- 
portance in  themfelves,  and  which,  as  they  are 
not  eftabliflied  upon  competent  evidence,  are 
not  eafy  to  be  comprehended. 

To  expedt  much  of  novelty  in  the  follow- 
ing pages,  would  be  to  expedl  falfehood  and 
abfurdity.     One  man,  even  with  the  unpa- 
4  ralleled 
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fralieled  powers  of  a  Newton,  is  able  in  the 
courfe  of  his  life  to  make  but  few  difcoveries 
of  importance  j  and  after  the  toil  of  centuries, 
it  would  be  extraordinary  if  much  of  what  is 
really  true  was  left  to  be  difcovered.  If  I 
have  fucceeded  in  placing  in  a  clear  and  per- 
fpicuous  light  the  obfervations  of  others;  if  I 
have  collected,  arid  arranged  in  a  lucid  order, 
the  leading  truths  in  the  different  branches  of 
philofophy,  I  have  performed  a  great  tafk  ; 
but  this  I  dare  not  flatter  myfelf  I  have  been 
able  to  accomplish. 

Imperfect,  however,  as  the  work  muft,  I 
am  confident,  ftill  appear — it  is  yet  the  labour 
of  fome  of  the  moft  valuable  years  of  my  life, 
with  the  affiftance  of  fome  learned  and  excel- 
lent friends,  whofe  kindnefs  in  thefe  inflances 
I  fhall  have  prefently  to  acknowledge  more  at 
large.  Let  thofe  who  may  be  difpofed  to 
complain  that  more  has  not  been  done,  only 
refledt  on  the  difficulty  of  what  has  been  ef- 
fected, and  I  flatter  myfelf  they  will  receive 
with  candour  an  attempt,  in  which  not  to 
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hare  frirccrdrd  vciuld  fcarcdr  rdisd  diVrzee 
oc  talem  iupcrkxr  to  iriae. 

I  hare  endearoured  to  by  open  die  whole 
\xsJk  of  nature  to  my  readers.  I  commence 
vs'Ai  tbt  fijft  principle*  of  phSofophy,  the  Iaw3 
of  matter  ax*d  ir.aticn,  with  an  enumeration 
of  the  moil  fimple  cr  elementary  fubllances. 
I  pr<rxcd  from  thefe  to  explain  the  nature 
ar;  1  phenomena  of  that  moil  active  and  fobtle 
of  elements,  beat  or  fire,  which  is  fo  inti- 
mately cor>r,e£tcd  with  all  other  fubftances. 
The  theory  of  light  and  colours,  fo  immedi- 
ately dependant  on  the  preceding  fobjeft,  fac- 
cceds  ;  and  this  is  followed  by  a  (hort  treatifc 
of  eleftricity .  The  different  fpecies  of  airs, 
and  the  atmofpherical  phenomena,  are  next 
treated  of;  thefe  are  fucceeded  by  a  defcrip- 
tion  of  the  earth  and  mineral  kingdom,  and 
the  mod  remarkable  phenomena  connected 
with  them,  fuch  as  volcanoes,  earthquakes, 
6cc,  The  nature  and  compofition  of  water, 
with  a  (hort  account  of  mineral  waters,  and  of 
the  general  properties  of  that  fluid,  occupy  the 

next  department  of  the  work. 
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From  thefe  fubje&s  I  have  proceeded  to 
what  is  called  the  vegetable  kingdom,  includ- 
ing what  is  known  on  the  nature  and  theory 
6f  vegetation.  The  animal  economy  fucceeds  $ 
and  that  as  little  as  poflible  might  be  wanting 
to  complete  the  courfe  of  elementary  know* 
ledge,  I  have  concluded  by  a  {ketch  of  the 
human  mind*  This  latter  part  will  conrteA 
properly  with  my  ElTays  Hiftorical  and  Moral, 
publiflied  fome  years  ago,  and  which  contain 
the  great  outlines  of  my  fentiments  on  moral 
and  political  philofophy. 

As  it  was  my  defire  to  make  this  treatife  as 
plain  and  clear  as  poflible  to  unlearned  per- 
fons,  I  have  to  apologize  to  my  more  fcientific 
readers  for  the  occafional  repetition  of  the 
fame  principles  and  obfervations.  Having 
been,  in  fome  meafure,  all  my  life  engaged  in 
the  bufinefs  of  education,  I  have  feen  the  ne-* 
ceflity  of  frequently  recalling  the  attention  of 
young  perfons  to  principles  already  proved 
and  eftablifhed,  in  order  to  enable  them  to 
underftand  what  is  to  be  taught.     In  giving 
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the  hiftory  of  different  fciences  alfo,  many 
fads  and  obfervations  are  naturally  antici- 
pated •  and  yet  it  becomes  absolutely  neceflary 
to  confirm,  illuftrate,  and  apply  thefe  in  a 
more  extenfive  manner,  in  treating  of  the 
fciences  at  large. 

I  have  omitted  aftronomy,  becaufe  I  thought 
it  right  to  confine  my  view  of  nature  to  our 
own  world;  and  becaufe,  while  Derham's, 
Fergufon's,  and  Bonnycaftle's  writings  on 
that  fubjedt  are  extant,  there  is  no  want  of  a 
good  and  popular  treatife,  I  have  entered 
but  little  into  mechanics,  becaufe  the  con- 
ftruftion  of  machines  is  rather  the  work  of 
art  than  of  nature  * ;  and  where  I  have  been 
obliged,  in  illustration  of  any  principle,  to  de- 
fctibe  certain  well-known  machines  or  en- 
gines, I  have,  for  that  reafon,  frequently  ex- 
tracted the  defcription  from  feme  popular 
writer. 

*  The  Reader  will  find  all  thefe  topics,  and  indeed  almoft 
every  thing  relating  to  what  is  termed  experimental  philofophy, 
excellently  explained  in  Mf .  Nicholfon's  very  ufefuj  and  accu- 
rate Introduction  to  Natural  Philofophy. 
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If  it  is  afked,  for  whofe  ufe  this  work  is 

defigned  ?    I  anfWer,  for  all  whofe  curiofity 

would  lead  them  to  take  a  general  furvey  of 

nature — for  all,  in  particular,  who  wifh  to 

underftand   the  elements   and   principles  of 
natural  hiflory.     I  conceive  alfo,  that  it  will 

not  be  unufeful  to  the  younger  fludents  of 
medicine,  as  it  is  intended  as  an  eafy  intro- 
duction to  general  fcience ;  and  as  it  compre- 
hends all  the  firft  principles  of  chemiftry  and 
.  phyfiology*  With  the  more  enlightened  clafs 
of  female  readers,  I  cannot  but  flatter  my  felf 
that  the  work  will  be  favourably  received,  as 
I  really  had  their  entertainment  and  informa- 
tion principally  in  view  in  compiling  it;  and 
they  may  depend  upon  it,  that  there  isN  not  a 
fingle  expreffion  in  the  whole  that  can  rea- 
fonably  offend  the  moil  delicate  and  modeft 
ear. 

To  fome  perfons,  who,  I  muft  obferve, 
have  rather  more  zeal  than  knowledge,  ftudies 
fuch  as  thefe  may  appear  rather  inconfiftent 
with  the  clerical  profeflion  and  the  fcience  of 
theology,  a  fcience  extenfive  enough,  I  con- 

fefs, 
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fefs,  to  occupy  the  life  of  a  man.  I  might 
reply  by  a  Ample  fact,  that  /  never  yet  have 
Been  enabled  to  gain,  by  the  exercife  of 'my  pro- 
fejfian,  a  livelihood  for  myfelf  and  family ;  and  it 
muft  appear ,  a  hard  cafe  to  confine  the  whole 
attention  of  any  man  to  what  will  not  furntfh 
him  with  the  neccflaries  of  life  ;  yet  the  great 
bulk  of  my  previous  publications  (without  ex- 
cepting my  Effays)  have  been  in  the  direct  line 
of  my  profeflion.  I  do  not,  however,  reft  my 
apology  upon  this  argument,  but  I  muft  fay, 
that  in  publishing  the  prefent  work,  I  believe 
I  am  not  lefs  effentially  ferving  the  caufe  of 
'  religion,  than  if  I  had  been  employed  in  'com- 
pHing  a  treatife  of  divinity.  Next  to  the  ftudy 
of  the  fcriptures,  there  is  none  which  feems  to 
lead  the  human  mind  fo  directly  to  a  know- 
ledge of  its  Creator,  as  the  ftudy  of  nature. 
In  an  age  therefore  when  atheifm  is  publicly 
profefled  by  fome,  and  privately  but  feduloufly 
diffeminated  by  others,  I  cannot  but  hope  that 
a  work  like  the  prefent  may  have  fome  good 
***  "s;  and  though  I  have  not,  like  an  emi- 
philofopher  of  the  clerical  profeflion, 
:d  it  a  phyfico- theology,  the  reader  will 
perceive 
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perceive  that  this  application  of  the  hiftory  of 
nature  has  not  been  forgotten. 

As  I  have  no  great  caufe  to  be  intoxicated 
with  my  fuccefs  in  life  5  and  as  I  am  verging, 
upon  that  period  when  man  has  little  to  hope 
or  fear  in  this  world,  I  feel  that  it  is  no  affec- 
tation to  fay,  I  am  not  extremely  folicif ous  for 
literary  fame ;  yet  I  will  not  diffemble,  that  I 
would,  if  poffible,  deprecate  on  the  prefent 
occafion  the  feverity  of  criticifm,  both  becaufe 
I  would  wifli  my  publisher  to  be  indemnified, 
fince  my  very  limited  means  will  not  admit  of 
publishing  on  my  own  account;  and  becaufe 
I  would  not  wifh  thofe  friends  who  have  ge- 
neroufly  afforded  me  afliftance  in  the  prefent 
work,  to  fuffer  any  uneafincfs  from  the  harfh- 
nefs  of  cenfure,  or  by  my  felicitations  to  have 
been  drawn  into  a  difagreeable  predicament. 

It  remains  to  do  juftice  to  thefe  friends. 
"  To  render  honour  to  whom  honour  is  due ; 
praife  to  whom  praife,"  is  the  part  not  only 
of  the  chriftian,  but  of  every  honeft  man.  In 
the  optical  part  of  this  work  I  have  been  ma- 
terially 
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terially  affifted  by  a  gentleman  of  known  and 
diftingutfhed  abilities,  who  taught  publicly 
for  a,  feries  of  years  the  feveral  branches  of 
natural  philofophy,  but  who  will  not  permit 
me  to  make  my  acknowledgments  in  a  more 
particular  manner.  For,  I  may  fay,  the  whole 
of  the  animal  economy,  I  am  indebted  to  my 
valuable  and  fcientific  friend  Dr.  Belcher,  of 
Maidftone,  as  well  as  for  moft  effential  af* 
fiftance  in  the  mineralogy  and  the  vegetable 
fyftem,  and  for  revifing  and  correcting  feveral 
other  parts.  It  would  be  impoffible  to  fpe- 
cify  the  authors  from  whom  I  have  extracted 
my  materials :  I  have  inferted  references  as 
frequently  as  I  could  with  convenience.  In 
fome  inftances  the  reference  was  negledted  in 
the  copying  of  my  original  notes ;  and  in  fome, 
the  fafts  were  ccmmonly  known,  and  difFufed 
through  a  multitude  of  authors. 

Chapel  Street^  Bloomjburyj 
June  Zotby  1796. 
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.  • 

THE  word  Matter  (materia*  which  fame 
lexicographers  have  derived  from  mater,  a 
mother)  denotes,  in  its  primitive  fenfe,  that  unex- 
plained Something,  from  which  all  other  things  are 
formed. 

The  term  tody  is  fometitnes  confounded  with  that 
of  matter ;  but  they  are  effentially  different :  Body 
(bobige)  is  of  Saxon  origin.  It  is  explained  by  the 
Latin  words  Jtatura>  pefius,  truncus  \  and  fignified 
the  per/an  or  form  of  a  man,  or  other  creature: 
whence  it  is  plain  that  it  ought  to  be  confined  to 
exprefs  a  fubftance  poffefiing  form  or  figure. 
,  Subftmce,  both  in  its  etymology  and  application, 
approaches  nearer  to  the  meaning  of  the  former  of 
thefe  terms.  It  is  well  known  to  be  compounded 
from  the  Latin  prepofition  Jub  (under),  and  the 
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verb  ft  are  (to  ftand.)  It  confequently  implies  that 
which  Jupports  or  ftands.  under  the  different  forms 
and  appearances  which  are  prefented  to  our  fenfes* 
It  is  dill,  however,,  ufed  in  a  diftindb  and  more  li- 
mited fenfe  than  matter*  It  is  generally  indeed  ufed 
with  the  definite  article,  to  fignify  a  diftinft  or  defi- 
nite portion  of  matter ;  whereas  matter  in  the  ab- 
ftraft  implies  a  more  confufed  and  general  idea  of 
folidity  and  extenfion*  with  little  or  no  regard  to- 
figure*  proportion,  or  quantity. 

Thefe  words  are  of  fuch  common  and  frequent 
trie  in  philofophy,  that  it  appeared  neceflary  to  have 
a  competent  notion  of  their  force  and  meaning,  par- 
ticularly in  a  chapter  which  profefles  to  treat  of  the 
firft  of  them:  and  I  have  generally  found  etymology^ 
a  fafer  and  eafier  mode  of  communicating  know* 
4edge  than  definition*  >    . 

That  the  whole  matter,  of  which  this  univerfe  of 
things  is  cornpofed,  is  effentially  the  lame,  and  that 
the  apparent  differences  which  fubfift  in  different 
bodies  depend  altogether  on  the  particular  distribu- 
tion or  difpofition  of  the  component  particles,  is  an 
opinio**  which  has  hcen  entertained  by  fome  philo- 
sophers of  the  higheft  reputation.  The  wonderful 
apparent  tranfrnutatioos  which  take  place  in  the 
different  procefifes  and  operations  of  nature  do,  it 
muft  be  confeffed*  at  firft  fight  eountenance  this, 
hypothetic  A  pfefct  will  vegetate  and  become  a. 
lblkl  fubftance  in  die  pureft  water  *.    The  genera- 

•  See  the  experiments  of  Mr.  Boyle  and  Van  Helmonf, 
-JbgBf  Villi  c.ii!» 
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tion  of  ftones  in  the  earth,  the  various  phenomena, 
of  petri factions,  and  a  multitude  of  other  fa&s,  con- 
tribute greatly,  on  a  fair  confideration,  to  diminifh 
the  abfurdity  of  the  alchemifts,  who  feem  chiefly  to 
have  refted  on  this  hypothefis  (viz.  that  all  matter 
Was  intrinfically  the  fame)  their  hopes  of  converting 
the  bafeft  materials  by  the  efforts  of  art  into  the 
mod  fplendid  and  valuable  of  fubftances. 

Mr.  Boyle  diftilled  the  fame  water  about  two 
hundred  times,  and  at  the  end  of  each  diftillatioa 
found  a  frefh  depofit  of  earth.  M.  Margraff  re- 
peated the  experiment  with  ftill  greater  caution* 
By  means  of  two  glafs  globes,  which  communicated 
with  each  other,  he  preferved  the  water  while  in  the 
ftate  of  vapour  from  all  contact  with  the  air;  and 
on  repeated  diftillation,  a  quantity  of  earth  of  the 
calcareotjs  *  kind  was  depofited  at  the  conclufton  of 
each  procefs. 

The  extreme  rarity  and  minutenefs  of  the  par- 
ticles into  which  different  fubftances  may  be  re- 
folved,  imparts  a  ftill  greater  degree  of  probability 
to  this  hypothefis;  and  in  general,  the  more  any 
body  can  be  divided,  the  fimpler  it  appears  in  its 
•  component  parts. 

We  muft  however  be  cautious  of  admitting  opi- 
nions, which  are  not  fan&ioned  by  the  dire6t  teft  of 
experiment ;  and  however  plaufible  the  opinion,  the 
accurate  obfervations  of  modern  philofophy  hav$ 
fwggefted  fome  objections  to'  the  homogeneity  of  ma<* 

*  Earth  of  lime. 
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ter,  which  without  further  difcovcries  it  will  not  be 
eafy  to  filence.  . 

Whatever  phenomena  may  appear,  to  indicate  a 
tranfmutation  of  bodies,  or  a  change  of  one  fub- 
fiance  into  another,  we  have  the  utmoft  reafon,  by 
the  lateft  and  bell  experiments,  to  believe  them 
merely  the  effeft  of  different  combinations.  Thus 
the  converfion  of  water  and  air  into  a  Iblid  fub- 
flance, fuch  as  the  body  of  a  plant,  is  merely  an  ap- 
parent converfion,  for  that  fblid  fubflance  may,  by 
an  artificial  procefs,  be  refolved  again  into  water 
and  air,  without  any  real  change  in  the  principles  or 
elementary  particles  of  which*  thofe  fluids  are  com- 
pofed:  and  thevfbrmation  of  dopes,  and  the  pheno- 
mena of  petrifa&ions,  are  accounted  for  upon  mucli 
eafier  principles  than  that  of  tranfmutation.  On 
the  other  hand,  the  utmoft  efforts  of  chemiftry  have 
never  been  able  to  proceed  farther  in  the  analyfis  of 
bodies  than  to  reduce  them  to  a  few  principles, 
which  appear  eflentially  different  from-  each  other, 
and  which  have  never  yet  been  brought  to  a  more 
fimple  form.  Thus  the  matter  of  fire,  or  light,  ap- 
pears totally  different  from  that  of  all  other  bodies; 
thus  the  acid  and  alkaline  principles  can  never  be 
brought  to  exhibit  the  fame  properties  \  nor  can  even 
the  different  fpecies  of  earths  be  converted  into  the 
fubflance  of  each  other. 

If  hypothetical  reafoning  was  to  be   admitted 

"bn  this  occafion,  it  ,would  probably  appear  more 

agreeable  to  the  analogy  of  nature,  to  fuppofe  that 

different;  fubffcuices   are  formed  from   the  diflfe- 

c'  '  rent 
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rent  combinations  of  a  few  fimple  principles  in 
different  proportions,  than  that  the  very  oppofite 
qualities  of  fome  of  the  rareft  and  moft  fubtile  fluids, 
Ihould  depend  wholly  on  the  different  form  or'  mo- 
dification of  the  extremely  minute  particles  which 
enter  into  their  compofition. 

It  is  proper  however  to  obferve,  that  on  this 
fubjedt  there  has  hitherto  appeared  no  decifive  ex- 
perimental proof  on  either  fide.  The  imperfec- 
tion of  all  human  efforts,  and  perhaps  of  the  human 
faculties  themfelves,  have  hitherto  confined  our  in- 
veftigations  to  the  properties  of  a  few  fubftances, 
the  limplefl:  which  chemical  analyfis  has  been  able 
to  obtain,  and  which  for  that  reafon  are  denomi- 
nated  Elements. 

There  are  fome  properties  which  are  accounted 
common  to  all  matter,  and  which  from  their  im- 
portance will  require  to  be  feparately  treated  of: 
thefe  are  solidity,  extension,  and  divisibility, 

ATTRACTION,  MOTION,  and  REST. 

The  quantity  of  matter  which  is  contained  in 
the  whole  univerfe  may  probably  be  much  lefs 
than4common  obfervation  would  lead  us  to  fuppofe. 
The  fublime  mathematics  of  Newton  didated  the 
aftonifhing  propofition :  "  that  the  whole  globe  of 
c  earth,  nay  that  all  the  known- bodies  in  the  uni- 
<  verfe  may,  as  far  as  we  know,  be  compounded  of 
c  no  greater  a  portion  of  folid  matter  than  might  be 
€  reduced  into  a  globe  of  one  inch  only  in  diameter, 
*  and  even  lefs*!' 

#  Pembcrton**  View  of  Sir  I.  Newton's  PJfcdlofophy,  356. 
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OF   ELEMENTS  *. 

Opinions  of  the  Ancients*— New  Arrangement, — Enumeration  of 
Jimple  Subftances,  according  to  the  new  Philofof  by. —Aerial  Su&- 
fiances  .—Earths. — Metals* 


WHEN  we  take  a  general  (urvey  of  nature, 
we  find  that  notwithftanding  the  apparent 
variety  of  creatures,  with  which  the  univerfe  abounds, 
every  natural  body  which  has  hitherto  come  within 
the  limits  of  our  infpedtion  may  be  reduced  into  a 
few  diftinft  kinds  of  matter :  and  though  we  probably 
have  not  as  yet  difcovered  the  ultimate  and  moll  fub- 
tile  principles  of  which  bodies  are  compounded ;  yet 
we  appear  to  be  juftified  in  calling  the  moft  fimple 
fubftances  which  we  have  been  able  to  difcover  as 
entering  into  the  compofition  of  bodies  by  the 
name  of  Elements. 

Ariftotle,  and  after  him  moft  of  the  ancients, 
admitted  four  different  elements,  fire,  air>  earth,  and 
water.  It  is  evident,  in  the  firft  place,  that  in  this 
enumeration  the  falts  are  omitted,  the  exiftence  of 
which  can  no  more  be  doubted  than  that  of  any  of 
the  others.     Secondly,  it  was  found  neceflary  ix\ 

*  from  Cleo,  or  Elpo,  to  create. 

the 
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the  progrefs  of  fcience,  not  only  to  admit  a  f aline, 
but  a  fulphureous  or  inflammable  principle.  I  might 
add,  that  we  arc  warranted  by  no  experiments, 
which  have  as  yet  been  made  public,  in  fuppofing 
that  there  exifts  but  one  fimple  (pedes  of  earth  j  and 
later  experiments  feem  to  determine  that  water  as 
well  as  air  is  a  compound  fubftance  *. 
.  It  is,  therefore,  neceffary  to  adopt  a  new  arrange- 
ment, though  it  is  more  thafi  probable  that  future 
difcoveries  may  render  it  in>  fome  meafure  nugatory. 
Future  difcoveries  may  perhaps  demonftrate  that 
many,  if  not  moft,  of  the  following  fubftances  will 
yet  admit  of  fubdivifions ;  or  they  may  demonftrate 
that  the  conftituent  principles  of  bodies  are  ftill 
fewer.  They  may  demonftrate  that  all  earths  have 
originally  the  fame  bafis,  and  are  only  altered  by 
different  combinations  with  vital  air  or  other  fub- 
ftances y  the  alkaline  falts  may  be  in  reality  a  fpecies 
of  earth,  which  alfo  derives  its  diftinguifhing  quali- 
ties from  a  union  with  fome  fubtile  matter  in  a  cer- 
tain proportion.  Thefe,  however,  are  points  on 
which  we  have  at  prefcnt  obtained  no  Experimental 
evidence,  and  which  for  that  reafon  we  are  not 
authorized  to  affirm. 

The  moft  fimple  fubftances  hitherto  difcovered 
may  be  refolved  into, 

*  I  (hall  not  perplex  the  reader  with  the  exploded  vifions 
of  chemifls  daring  the  laft  two  centuries,  with  their  phlegm  or 
watry  principle,  their  mercury  or  active  and  fpirkoas  principle, 
their  caput  tnortuum,  their  fpiritus  refior,  and  a  quantity  of  ufelefs 
and  almoft  unintelligible  jargon. 

B  4  :i.  Fire, 
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i.  Fire,  heat,  or  caloric;  including  light  and  die 

eledtric  fluid.   . 

2.  The  bafe  of  pure,  vital,  or  dephlogifticated 
air,  the  oxygen  of  the  French  chemifts. 

3.  Hydrogen,  or  the  bafe  oflnflammable  air. 

4.  Azote,  or  the  bafe  of  nitrous  acid. 

5.  Sulphur,  the  bafe  of  vitriolic  acid. 

6.  Phofphorus,  the  bafe  of  phofphoric  acid. 

7.  Coal  *  or  Carbon,  the  bafe  of  fixable  air. 

8.  The   unknown    radicals  of  the    muriatic* 
fluoric,  and  boracic  acids. 

9.  The  fixed  alkalis* 

10.  Earths, 

11.  Metals, 

The  different  earths  which  are  as  yet  known  to 
philofophers  are, 

1.  Calcareous,  or  earth  of  lime. 

2.  Silicious,  or  earth  of  flints. 

3.  Argillaceous,  or  clay. 

4.  Magnefia. 

5.  Barytes,  or  ponderous  earth.. 

The  metals  again  are  fubdivided  into, 

1.  Arfenic. 

2.  Molibdena,  or  black  lead, 

3.  Nickel. 

4.  Cobalt, 

•  More  properly  charcoal,  for  our  common  pit-coal  is  « 
heterogeneous  mafs,  containing  much  foreign  matter,  as  may 
be  feen  book  VI.  c.  37.  I  have  however  employed  the  generic 
term  coal,  becaufe  charcoal,  though  much  the  pure  ft  of  thefe 
bodies,  is  in  this  country  confide  red  not  as  a  natural  but  a  facti- 
tious fubftance. 

5..  Bifmuth, 
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5.  Bifmuth. 

6.  Antimony. 

7.  Zinc. 

8.  Tungftein.  , 
9»  Manganefc* 

10.  Tin. 

11.  Lead, 
ia.  Iron. 

13.  Copper. 

14.  Mercury.  ,   • 

15.  Silver. 

16.  Gold 

17.  Platina. 

Each  of  thefe  may  at  prefent  be  confidered  as  a 
diftinft  elementary  fubftance,  fmce  they  are  found 
to  be  unchangeable  or  unconvertible  into  other  fub- 
fiances,  though  they  may  be,  and  generally  are, 
combined  with  others.  This  fe£t,  was  it  not  for 
the  advantage  of  clarification,  and  for  fome  doubts 
which  yet  remain  on  the  minds  of  philofophers 
concerning  the  eflential .  difference  of  the  earths, 
would  oblige  us  to  admit  in  nature,  inftead  of  eleven, 
At  lead  thirty-  three  diftifi&j  Ample,  and  elementary 
/ubflances.      ' 


Chap. 
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Chap.  III. 

OF  THE  EXTENSION,  SOLIDITY,  AND 
DIVISIBILITY    OF   MATTER. 


Extenfion  the  only  Quality  ejjential  to  Matter.— Solidity,  what,— In- 
finite Di*vifibility.—Animaltula  imperceptible  to  our  &/$£j.— Ex- 
treme Rarity  of  Light,— Newtonian  Paradox* 


T?XTENSIONis  a  property  fo  obvioufly  eflen- 
X-i  tial  to  whatever  occupies  fpace,  that  it  is  ac- 
counted the  firft  and  moft  indifpenfable  attribute 
common  to  all  matter.  It  is  indeed  the  only  pro-  - 
perty  which  we  can  pofitively  fay  is  eflential  to  mat- 
ter,  fince  all  the  others  that  have  been  lpccified  are 
to  be  underftood  with  fome  limitation,  and  do  not 
appear  to  be  common  to  all  bodies  whatever.  r 
-  We  have  no  idea  oijolidity>  but  that  which  is  fur- 
nifhed  by  the  refiftance  which  we  find  in  a  body  to 
the  entrance  of  any  other  body  into  the  place  it 
occupies  till  it  has  left  it  *.  This  property  of  mat- 
ter therefore  neceffarily  includes  neither  impene- 
trability nor  hardnefs  \  the  amazing  porofity  of  bo- 
dies militates  a  gain  ft  the  one  idea,  and  the  almoft 
infinite  divifibility   of  matter    againft  the  other, 

•  See  Mr.  Locke's  YJL  on  Hum.  Under.  B.  ii.  c.  4. 

Indeed 
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Indeed  nothing  can  be  more  inconfiftent  than  to 
fpeak  of  the  abfolute  folidity  and  impenetrability  of 
the  ultimate  particles  of  matter,  and  afterwards  to 
enlarge  upon  its  infinite  divifibility ;  both  of  thefe 
are  fafts  which  are  totally  undetermined  by  experi- 
ment or  obfervation ;  and  when  we  fpeak  of  the 
aftual  properties  of  matter,  we  ought,  I  apprehend, 
to  confine  ourfclves  to  the  teftimony  of  pur 
fenfes. 

How  improperly  the  idea  of  impenetrability  is 
applied  to  any  bodies  which  we  are  acquainted  with, 
is  evident  from  the  aftonifhing  eafe  and  velocity 
with  which  the  tleftric  fluid  pafles  through  the 
denfeft  bodies,  and  from  the  continual  paflage  of 
Jight  through  §  variety  of  fubftances,  which  afford  to 
our  fenfcs  the  moft  perfeft  idea  of  folidity,  through 
glafs,  and  diamond  and  other  precious  ftones: 
the  focus  of  a  burning,  mirror,  which  augments  the 
qenfity  of  the  fun's  rays  upwards  of  three  thoufand 
times,  may  be  received  in  glafs  or  water  without 
producing  any  efledt :  even  fubftances  of  fenfible 
bulk  and  folidity  can  exift  within  the  pores  of  other 
bodies.  Thus  quickfilver  exifts  within  the  pores 
of  either  filver  or  gold  j  in  fad  a  mixture  of  mercury 
and  filver  is  confiderably  heavier  than  an  equal 
bulk  of  either  of  thofe  metals.  The  common  bell- 
metal  is  a  mixture  of  copper  and  tin  \  and  though 
the  latter  is  fpecifically  lighter  than  the  former,  yet 
bell- metal  is  confiderably  heavier  than  an  equal 
bulk  of  copper  itfelf;  which  is  an  evident  proof 
that  the  particles  of  the  one  a&ually  enter  into,  and 
i  arc 
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are  depofited  in  the  pores  of  the  other.  What  is 
perhaps  ftill  more  extraordinary,  a  definite  quantity 
of  fait  may  be  added  to  a  quantity  of  water  without 
increafing  its  bulk,  nay  a  fmall  quantity  of  fait 
added  to  water  will  even  caufe  it  to  contraft. 

The  divifibility  of  matter  is  alfo  received  with  li- 
mitation by  thofe  who  contend  for  the  exiftence  of 
atoms  or  finft  principles  of  bodies  j  fince>  if  their  ex- 
iftence is  admitted,  there  muft  neceffarily  be  fome 
parts  or  portions  of  matter  indivifible,  and  confe- 
quently  it  cannot  be  admitted  as  a  property  inherent 
in  all  matter.  v 

The  human  faculties  are  loft  in  the  purfuit, 
and  the  human  underftanding  in  the  contemplation 
of  the  adtual  divifibility  of  matter.  The  fmalleft 
animalcula  which  is  brought  within  our  notice  by 
the  microfcope  polieffes  organized  parts,  blood  and 
other  fluids  neceffary  for  the  fupport  of  life,  yet  how 
infinitely  removed  are  thefe  from  our  infpeftiort! 
Some  idea,  however,  may  be  formed  of  the  aftonifh- 
ing  power  of  matter  in  this  relpeft,  from  inftances 
which  are  furnifhed  by  all  the  moft  common  expe- 
riments of  philofophy.  A  pound  of  even  fo  grofs  a 
fubftance  as  cotton,  may  be  ipun  into  a  thread  uj&- 
wards  of  one  hundred  miles  in  length  *j  and  Mr. 
Boyle  fpeaks  of  a  thread  of  filk  300  yards  in  length, 
which  weighed  no  more  than  three  grain^and  a  half. 
This,  however,  is  ftill  furpaflfed  by  the  amazing 
4ni&ilitv*of  gold;  fixteen  ounces  of  which  would 

#  Repofitory,  vol.  ii.  p.  52. 

completely 
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completely  gild  a  wire  fuflicient  to  circumfcribe  the 
whole  globe  of  the  earth,  though  that  quantity  of 
the  metal  might  be  contained  in  a  cube  of  not  more 
than  an  inch  and  a  quarter  in  diameter.  The  me- 
tallic particles  are  yet  more  minutely  divided  in  the 
acid  folutions.  A  fmall  piece  of  the  fait  of  filver, 
which  is  filver  already  divided  and  united  to  the  ni- 
trous acid,  not  larger  than  a  common  pin's  head, 
will  tinge  a  quart  of  water  of  a  milky  colour ;  and 
even  the  hundredth  part  of  a  grain  of  copper  will 
impart  a  fenfible  blue  to  a  pint  of  the  fame  fluid. 

It  is  well  known  that  camphor,  mufk,  and  other 
odoriferous  fubftances  will  emit  particles  that  fhall 
powerfully  affe<3:  the  organs  of  fcent,  and  fhall  com- 
municate their  peculiar  fragrance  to  the  furrounding 
air  for  a  confiderable  fpace  of  time,  without  any 
perceptible  decreafe  of  weight.  The  extreme  rarity* 
of  the  elaftic  fluids  is  a  further  proof  of  the  divifU 
Wlity  of  matter.  Gunpowder,  when  exploded,  ex- 
•  pands  to  244  times  its  bulk  when  in  a  folid  ftate; 
and  water  in  the  ftate  of  vapour  occupies  a  fpace  1800 
titftes  greater  than  in  its  natural  fluid  form  *.  A  par- 

*  This  fa&  may  at  any  time  be  proved  by  an  eafy  experi- 
ment. Take  a  common  flafk,  and  let  it  be  exactly  weighed ; 
fill  it  with  water,  and  then  let  it  be  weighed  again— after  the 
water  is  emptied,  there  will  neceffarily  be  a  little  moiiiure  ad- 
hering to  the  fides ;  put  the  flafk  before  a  fire  to  evaporate  the 
moifture,  and  when  the  whole  of  the  water  difappears,  clofe 
the  flaik,  and  weigh  it  again,  and  yon  will  then  have  the  weight, 
and  confequently  the  balk  of  vapour,  compared  with  that  of 
Water. 

tide 
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tide  of  "light  has  been  eftimated>  on  apparently  a 
well  condu&ed  calculation,  at  — 


30,831,230,128,000 
Of  a  grain  *. 

We  (hali  indeed  ceafe  to  wonder  at  fuch  a  calcu- 
lation, when  we  confider  that  by  means  of  this  fluid 
the  unparalleled  wonders  of  the  raicrolcopic  world  an? 
made  cognizable  to  our  fenfes.  The  fcarf-flcin  of  the 
human  body  is  faid  to  be  compofed  of  minute  fcaks 
jefembling  thofe  of  fifties,  two  hundred  of  which  may 
be  covered  by  a  grain  of  fand  s  under  thefe  fcales 
there  lie  concealed  a  number  of  pores,  or  excretory 
du6b>  through  which  the  perfpirable.  matter  is  fup- 
pofcd  to  iffue,  and  one  hundred  and  twenty  of -fiich 
pores  in  a  diredt  line  extend  to  only  one  tenth  of  an 
inch.  If  fuch  therefore  is  the  organization  of  the 
Jbuman  body,  what  (hall  we  think  of  the  organized  • 
parts  of  thofe  animals  which  are  themfelves  me 
thoujand  times  too  fmall  to  affedt  the  human  eye 
without  the  aid  of  art  ?  Animalculse,  however,  have 

r 

been  difcovered  nearly  one  hundred  times  fmaller 
than  thefe,  many  thoufands  of  which  may  dance 
upon  the  point  of  a  fine  needle :  indeed  Lewenhoek 
calculates  that  one  thoufand  million  of  fuch  animaU 

m 

cube  as  are  difcovered  in  common  water  would  not 
equal  in  magnitude  a  grain  of  common  fand.  When 
therefore  we  confider  that  fuch  animalculse  are  pof- 
fefled  of  organized  parts ;  a  heart,  ftomach,  bowels, 
mufcles,  tendons,  nerves,  glands,  &c.  we  feem  to 

•  Boudoin  on  Light.  Memoirs  of  the  American  Acad.  Vol.  I. 
p.  198. 

approach 
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approach  in  idea  the  infinite  divifibility  of  "mat- 
ter*. 

It  is,  on  the  other  hand,  next  to  an  abfolute  cer-> 
tainty,  that  the  particles  of  the  hardefl:  and  moft 
compact  bodies  are  not  in  a&ual  contait  with  each 
other,  fince  all  fuch  bodies  are  known  to  iQputmft 
with  cold ;  which  could  not  be  the  cafe,  if  their 
parts  were  already  as  clofe  as  they  could  be  to  each 
other. 

It  would  be  foreign  to  the  defign  of  this  war|cn> 
enter  into  thofe  calculations  and  demonftrations  by 
which  mathematicians  have  attempted  to  prove  how 
matter  may  be  divided  to  infinity.  Let  it  fuffice  tx> 
fay,  that  on  the  principles  which  have  been  ad* 
yanced  in  the  CQurfe  of  this  chapter,  the  fagacity  of 
Newton  has  demonft  rated,  that  the  leaft  portion  of 
matter  may  be  wrought  into  a  body  of  any  affigned 
dimenfions,  how  great  foever,  and  yet  the  pores  of 
that  body  be  none  of  them  greater  than*  any  the 
fmalleft  magnitude  propofed  at  pleafure ;  not  with* 
Handing  that  die  parts  of  the  body  (hall  fo  approxi- 
mate, that  the  body  itfelf  (hall  be  hard  and  folid. 
His  manner  of  demonftration  is  this— fuppofe  the 
body  to  be  compounded  of  particles  of  fuch  figures* 
that  when  lai<L  together  the  pores  found  between 
them  fhall  be  equal  in  fize  to  the  particles  thcm- 
felves  i  how  this  may  be  effraed,  and  yet  the  body 

•  If  the  reader  wifties  to  fatisfy  Kimfelf  concerning  the 
nature  and  animal  functions  of  a  variety  of  thefe  wonderful 
exigences,  I  mull  refer  him  to  my  late  much  valued  friend  Mr. 
Adams.'*  excellent  Treatife  on  the  Microicope. 

v  remain 
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rariain  folid,  is  hot  difficult  to  underftand;  and  the 
pores  of  fuch  a  body  may  be  made  of  any  propofed 
degree  of  fmallnefs.  But  the  folid  matter  of  a  body 
fo  framed  will  take  up  only  half  the  fpace  occupied 
by  the  body;  and  if  each  conftituent  particle  is  com- 
pofed  of  other  fmaller  particles,  according  to  the 
lame  rule  the  folid  parts  of  fuch  a  body  will  be  but 
a  fourth  part  of  its  bulk ;  if  every  one^of  thefe  leffer 
particles  again  are  compounded  in  the  fame  man- 
ner, the  folid  parts  of  the  whole  body  will  be  but 
one  eighth  of  its  bulk ;  and  thus  by  continuing  the 
compofition,  the  Yolid  parts  of  the  body  may  be 
made  to  bear  as  fmall  a  proportion  to  the  magni- 
tude df  the  whole  body,  as  fhall  be  defired,  notwith-* 
Handing  the  body  fhall,  by  the  contiguity  of  its  parts, 
be  capable  of  being  in  any  degree  folid  *. — When 
thefe  fafts  are  confidered,  the  hypothefis  of  the  fame 
incomparable  philofopher,  concerning  the  fmall 
quantity  of  folid  matter  contained  in  the  univerfe,  as 
noticed  in  a  preceding  chapter,  appears  lefs  incre-!- 
dible. 

•  Pemberton's  View,  355* 
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OF  ATTRACTION  AND  REPULSION. 

Five  Kinds  of  AttracHon-mCokefiGn— Combination— Cryftalli%a~  \ 
tion  tx plained— Gravitation — Specific  Gravity  f  <wbat— Mag- 
netic and  thfirical  Attraction— Reputfim. 


FIVE  different  kinds  of  attra&ion  have  beett 
enumerated  by  mpdern  philofophers.  1 .  The 
attradtion  ofcohefion  \  2.  Of  combination,  or,  as  it  is 
called  by  chemifts,  eledlive  attraction ;  3.  Gravity; 
4.  The  magnetic  attraftion ;  arid,  5.  The  attrac- 
tion of  ele&ricity.  Whether  the  fame  principle 
adts  in  all  thefe  cafes,  or  whether  each  of  thefe  efc. 
fefts  depends  upon  a  diftindt  caufe,  human  fagacity 
'has  not  been  able  to  difcover;  nor  is  there  any.inr 
ftance  in  which  the  principle  of  attraftion  feems  to 
approach  to  the  nature  of  a  general  law,  except  in 
that  of  gravity;  and  yet  even  this  is  not  without  an 
exception  -,  Gnce  by  every  experiment  that  we  have 
hitherto  been  able  to  make,  there  is  no  reafon  to 
believe  that  the  element  of  fire,  or  heat,  is  fubjeft  to 
the  common  laws  of  gravitation.  Unlefs,  therefore, 
it  could  be  proved  that  the  principle  of  attraftion  is 
the  fame  in  all  thefe  cafes  that  have  been  enumer 
•l-ated,  we,  perhaps,  are  fcarcely  correct  in  confider- 
ing  it  as  a  general  property  of  matter ;  and  even 
Vol.  I.  C  fuppofing 
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fuppofing  the  caufe  to  be  the  fame,  it  may,  after  all, 
belong  rather  to  fome  particular  fpecies  of  matter, 
which  a£h  upon  or  impels  all  other  bodies,  than  to 
taatter  in  general. 

I.  The  attra&ion  of  cohesion  may  be  ob- 
ferved  in  almoft  all  the  moft  common  operations 
af  mature,  and  is  exemplified  by  a  variety  of  eafy 
experiments.  Two  leaden  balls,  having  each  a 
fmcoth  flat  furface,  if  ftrongly  compreflcd  together, 
will  cohere  almoft  as  ftrongly  as  if  united  by  fufion ; 
and  even  two  plates  of  glafs,  if  the  furfaces  are  even 
and  dry,  will  require  fome  force  to  feparate  them  *» 
By  the  fame  law  of  nature,  the  particles  of  even 
fluid  bodies,  in  which  the  attraction  is  neceflarily 
weaker  thai)  in  folid  jubilances,  indicate  a  difpofi- 
tion  to  unite. 

The  drops  of  dew  that  appear  in  the  morning  on 
the  leaves  of  plants,  affumc  a  globular  form,, from 
the  mutual  attra&ion  between  the  particles  of  wa- 
ter. Small  portions  of  quickfilver,  when  brought 
near  to  earch  other,  will  run  together,  and  affume  the 
lame  globular  appearance.  '  Alfo,  by  the  fame  law, 
a  veflel  may  be  filled  with  water,  mercury,  or  any 
other  fluid,  above  the  brim,  and  the  fluid  will  be 
obferved  to  rife  in  a  convex  form. 

To  this  principle  we  may  very  properly  refer 
what  is  ufually  termed  capillary  attraftion.  Thus, 
if  a  fluid  U  contained  in  a  veffel  not  full  to  the  brim, 

•  Set  th«  ingenious  Or.  Enfield's  Inftitutti  of  Natural  Phj- 
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it  will  always  be  attra&ed  to  the  edges  of  the  vef- 
fel,  and  will  aflume  a  concave  form.  Thus,  alfo, 
if  two  plates  $f  glafs,  at  a  fmall  diftance  from  each 
other,  are  irtimerfed  perpendicularly  in  water,  the 
fluid  wiU  rife  above  its  level  between  the  two  plates, 
and  the  height  to  which  it  rifes  will  bear  a  certain 
proportion  to  the  diftance  of  the  places.  A  capil- 
lary tube  is  a  tube  with  an  exceedingly  fmall  bore* 
and  by  the  fame  law  which  raifes  the  water  between 
the  places  of  glafs*  a  fluid  will  rife  to  a  confiderable 
heighth  in  one  of  thefe  tubes*  Both  thefe  experi- 
ments will  anfwer  equally  well  in  the  vacuum  of  an 
air  pump,  which  proves  that  the  effect  is  not  owing 
to  the  preflureof  the  air.  In  the  fame  manner, 
alibi  by  the  fame  law,  fluids  will  afcend  in  the  ca- 
vity of  a  fponge,  in  the  interftices  of  linen  cloth,  or 
any  porous  body. 

II.  The  attraction  of  doMBiKATiOK,  or  chemical 
or  cleftive  attraction,  is  in  many  refpefts  analogous 
to  the  attra&ion  of  cohefion.  Like  the  latter,  it  fcems 
to  depend  on  the  rpinute  particles  of  bodies  being 
brought  nearly  into  contact  with  each  other ;  and 
indeed  fo  nearly  alike  are  the  effedts  of  thefe  two 
fpecies  of  attradtion,  that  if  they  are  different  in 
principle,  it  is  difficult  to  fay  which  is  the  moft  ef- 
iential  to  the  cohefion  and  folidity  of  bodies  *. 

Chemical, 


*  The  two  fpecies  of  attra&ion  are  well  defined  by  Berg* 
man;  that  which  he  calls  the  attraction  of  aggregation,  I  clafs 
under  that  of  cohefion ;  that  which  he  calls  compofition>  I  call 
combination.    «  When  an  increafe  of  mafs  only  takes  place, 

C  a  *  the 
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Chemical  attraction  may  ptobably  be  ho  other  than- 
the  attra&ion  of  cohefion  acting  in  a  free?  and  unre- 
Tiding  medium,  fince  its  only  diftinguiihihg  cha- 
rafteriftic  is  die  difjiofition  which  bodies  in  folution* 
indicate  to  unite  with  certain  fubftances  in  prefer- 
ence to  Qthersi  To  make  this  clear  by  an  experi- 
ment—If  a  quantity  of  filver  is  added  to  a  quantity 
of  aqua  fortis,  the  cohefion  of  the  particles  of  the 
filver  will  be  deftroyed,  and  thfcy  will  unite  forcibly 
with  thofe  of  the  aqua  fortis.  The  fluid  will,  how-- 
ever,  remain  perfcftly  clear,  the  particles  being  foi 
extremely  minute,  that  the  rays  of  light  will  fuffer 
no  interruption  in  paffing  through  them.  If,  how- 
ever, to  this  folution'  of.  filver  a  quantity  of  mer- 
cury or  quickfilver  is  added,  the  aqua  fortis  will  be 
attracted  by  the  mercury,  and  the  filver  will  be 
precipitated,  or  thrown  to  the  bottom  of  the  veflel 
in  which  the  fluid  is  contained;  if,  again,  copper 
is  added,  it  will  aflume  the  place  of  the  quickfilver; 
and  if  to  this  folution  of  copper  a  bright  piece  of 

*  the  nature  of  the  body  remaining  /till  the  fame,  this  effeel  is 

*  denominated  the  attraction  of  aggregation.  But  heterogeneous, 
4  fubllances,  when  mixed  together,  .and  left  to  themfclves  t3 
c  form  combinations,  are  influenced  by  difference  of  quality 
«  rather  than  of  quantity.  This  we  call  at t radian  of  compofition* 
'  and  when  it  is  exerted  in  forming  a  mere  union  of  two  or 
«  more  fubftances,  it  receives  the  name  of  att  raft  ion  of  folution 

*  or  fujiotiy  according  as  it  is  effected  cither  in  the  moift  or  dry 
«  way.     When  it  takes  place  between  three  refpc&ively,  to  the 

*  exclufion  of  one,  it  is  faid  to  be  a  Jingle  eledive  at  trad  ion,  and 
<  when  between  two  compounds,  a  double,  &c."     Berg,  on  Elec. 

Attr.  i. 

> 

-  .  a  iron 
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iron  (for  ruft  would  exclude  thie'acid  from  com- 
ing in  contact,  with  the  metal)  is  introduced,  the 
acid  will  immediately  quit  the  copper  and  feize 
upon  the  iron,  a  quantity  of  which  being  diflblved 
in  the  fluid,  the  copper  will  be  deposited  in  its  place 
on  the  furface  of  the  bar  of  iron  *.     The  iron  may' 

afterwards 

*  '  This  experiment  explains  to  us,  in  a  very  fatisfaftory 
manner,  the  nature  of  that  tr an/mutation  of  iron  into  copper ■,  which 
travellers  have  been  fo  much  furprifed  at.  Agricola  fpeaks 
of  waters  in  the  neighbourhood  of  Newfol,  in  Hungary,  which 
had  the  property  of  tranfmuting  the  iroa  which  was  put'  into 
them  into  copper  f«  In  the  year  1673,  ourcountryman,Dr. 
Brown,  vifited  a  famous  copper  mine  at  Herrn-Grundt,  about 
feven  £ngli(h  miles  from  New/ol;  he  informs  us  that  he  there 
faw  two  fprings,  called  the  old  and  new  ziment,  which  turned 
*  iron  into  copper.  The  workmen  (hewed  him  a  curious  cup 
made  of  this  tranfmuted  iron ;  it  was  gilt  with  gold,  had  a  rich 
piece  of  filver  ore  fattened  in  the  middle,  and  the  following 
iofcnption  engraven  on  the  outfide: 

€  Elftnnjjare  ich,  kupfer  bin  icb> 

*  Silver  trag  ich,  gold  bedeckt  mich, 

€  Copper  I  am,  but  iron  was  of  old, 

♦  Silver  I  carry,  covered  am  with  gold  %. 

* It  was  even  at  that  time,  he  fays,  contended  by  fome,  that 
'  there  was  no  real  tranfmutation  of  iron  into  copper,  but  that 
'  the  ziment  water,,  containing  vitriol  of  copper,  and  meeting 
'  with  the  iron,  deposited  its  copper;  and  it  feerns  as  if  he  would 
'  have  acceded  to  this  opinion,  could  he  have  told  what  became 
«  of  the  iron.  It  is  now  very  well  underftood  what  becomes  of 
'  the  iron ;  it  is  taken  up  by  the  water,  and  remains  fufpended 
'  in  it,  in  the  place  of  the  copper ;  fo  (hat  this  tranfmutation  is 

•f-  Agric  Fof.  L.  ix.  p.  347. 

J  Brown's  Travel*,  ed.  1687.  jp.  69, 
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*  afterwards  be  difplaced  by  the  addition  of  an  alkali. 

•  This  fpecies  of  attraction  is  called  combination,  be- 
caufe  the  particles  of  two  bodies  by  thofe  means 
become  fo  intimately  united  or  combined,  that  they 
cannot  be  feparated  but  by  the  addition  of  a  third 
body,  which  has  a  greater  attra£Uon  for  one  of  the 
component  bodies  than  they  have  for  one  another, 
and  it  is  called  eleftive  attraction  and  affinity,  from 
the  fuperior  tendency  in  fubftances  to  unite  with 
certain  bodies  in  preference  of  others.  In  all  cafes 
of  cleftiye  attra&ion  it  is  neceflfary,  that  at  leaft  one 
of  the  bodies  fhould  be  in  a  fluid  ftate. 

It  is  evident  that  all  folutions  muft  be  the  effeft 
pf  an  eledlve  attra&ion*  By  Jolution  I  mean  the 
difperfion  of  the  particles  of  a  folid  body  in  a  fluid 
in  fo  equal  a  manner,  that  the  compound  liquor 
ihall  be  perfectly  and  permanently  tranfparent. 
In  this  cafe,  therefore,  it  is  plain  that  the  particles 
of  the  fluid  muft  have  a  ftronger  attraftion  for  the 
particles  of  tfre  fo]id  body  t|>an  they  have  for  one 
another.  A  fqlid  body  may  indeed,  by  mere  me- 
chanical means,  be  minutely  difperfed  through  a  fluid, 
{jut  the  compound  in  this  cafe  will  be  opak^  antf 
muddy,  and  if  fuffered  to  remain  at  reft,  a  fedipient 
i*ill  immediately  be  depofited.  Thus,  if  chalk  or 
clay  Is  incorporated  wjth  water,  th?y  w}ll  impart  tQ 

f  nothing  but  a  change  of  place ;  and  as  th,e  copper  is  precipi- 
f  tated  by  the  iron,  fo  the  iron  might  be  precipitated  by  pot* 
'  afh,  or  any  other  fubftance  which  has  a  greater  affinity  tvitl^ 
f  fhe  acid  of  vitriol  than  iron  has.' 

"VVatfon's  Chem.  EH*,  p.  234.  to "236. 
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it  their  peculiar  colour,  and  the  fluid  will  be  ren- 
dered in  fome  degree  opake;  but  if  common  "fait, 
or  blue  or  green  vitriol  is  added  to  water,  the  fluid 
will  ftill  remain  perfectly  tranipareht,  though  tinged 
with  the  peculiar  colour  of  the  fait.  The  former, 
therefore,  is  termed  a  mixture,  the  latter  a  folution. 
When  a  fluid  has  received  fo  much  of  any  folid 
•body  that  it  will  not  diffolve  a  particle  more,  it  is 
iaid  to  befaturated. 

The  marks  of  chemical  combination  in  bodies 
have  been  accurately  defined  by  a  correct  and  in- 
genious philofopher.  TJie  firft  is  a  fpecific  gravity 
exceeding  that  of  the  beavieft  ingredients  of  the  com- 
pound. Though  he  properly  obferves,  it  does  not' 
♦neceffarily  follow,  that  where  fuch  denfity  is  wanting 
a  chemical  union  does  not  exift ;  firfce  the  peculiar 
ftrudture  of  the  compound,  which  does  not  admit 
water  into  its  vacuities,  may  prevent  this  property 
from  being  remarked ;  or  a  quantity  of  water  may 
enter  into  a  composition  naturally  heavier  than  wa- 
ter, and  yet  cannot  be  always  made  fenfible. 

Secondly,  Tranfparency  is  always  a  mark  of  che- 
mical combination-  Such  union,  however,  is  alfo 
fometimes  confident  with  opacity,  as  that  effe<St  may 
fometimes  arife  from  a  mere  mechanical  arrange*- 
ment  of  parts,  from  the  interpolation  of  fome  mat- 
ter not  properly  combined,  or  from  too  great  tbick* 
nefsv 

Thirdly,  Cryftallization  proves  that  the  parts 
have  been  very  minutely  divided,  and  in  general 
Combined  with  the  menftruum  (or  fluid  in  which 

C  $  the 
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the  bodies  have  been  diflblved).  Other  fubftances, 
however,  may  fometimes  intrude  themfelves  into  the 
cryftallized  bodies^  though  not  chemically  combined 
with  them. 

Fourthly,  A  difficulty  of  diffolving  the  compound 
body  in  the  menftruum,  or  fluid,  which  is  a  proper 
folvent  for  one  or  both  of  the  component  fub- 
ftances  *. 

It  may  be  proper,  before  the  conclufion  of  this 
fe&ion,  to  add  a  few  words  concerning  one  of  the^ 
moll  curious  effe&s  of  the  attradbn  of  combina- 
tion, namely,  cryft'allization.  The  word  cryftal  is 
derived  from  cryos  (froft),  and  Jiello  (to  con  trad); 
it  was  originally  confined  to  a  particular  diaphanous 
ftone  refembliog  clear  ice,  and  was  probably  after- 
wards extended  to  all  bodies  which  were  tranlparent> 
and  had  their  particles  difpofed  in  a  regular  man* 
ner,  particularly  the  different  fpecies  of  falts.  %  It  is 
now  expreffive  of  that  regular  order  or  difpofition, 
in  which  the  particles  of  inert  bodies  arrange  them- 
felves on  paffing  from  a  fluid  to  a  folid  ftate.  This 
difpofition  of  the  particles  is,  however,  by  no  means 
the  fame  in  all  fubftances,  but  varies  almoft  infinite- 
ly in  different  bodies.  Thus  common  fait  crystal- 
lizes into  a  cubic  form,  falt-petre  into  that  of  oblong 
pillars  with  fix  fides,  cubic  nitre  into  the  rjjomboidal 
form,  vitriolated  tartar  and  Glauber's  fait  into  a  imafs 
of  four  or  fix  fides.  Each  fpecies  of  fait  preferves 
its  peculiar  form  however  frequently  the  procefs  of 


•  Kirwan's  Mineralogy. 
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diffblving  it  is  repeated,  and  equally  in  the  fmallefl: 
mafles  which  the  microfcope  renders  vifible,  and  in 
the  largeft  which  art  or  nature  have  been  able  to 
produce  *. 


•  *  If  what  has  been  faid  relative  to  cry  ftallization  be  not  per- 
fectly intelligible  to  the  reader,  I  would  advife  him  to  make  the 
following  eafy  experiment,  which  will  give  him  a  better  no- 
tion of  the  matter  than  a  thoufand  words.  Into  a  bafon  full  of 
boiling  water,  pot  as  much  faltpetre  as  the  water  will  take  up ; 
if  the  faltpetre  was  purified,  the'tranfparency  ©f  the  water  will 
not  be  injured,  it  will  ftill  appear  to  be  a  homogeneous  fluid: 
when  the  water  will  take  up  no  more  faltpetre,  then  he  may 
conclude  that  it  u  faturated :  let  it  ftand  without  being  ftirred, 
till  it  grows  cold.  As  it  cools,  a  great  many  cryftals,  all  of 
the  fame  (hape,  may  be  feen  mooting  6u|  from  the  fides  and 
bottom  of  the  bafon,  and  increafmg  in  fize  till  the  folution  be- 
comes quite  cold.  When  no  more  cryftals  can  be  formed  by 
that  degree  of  cold  which  prevails  in  the  apartment  where 
the  experiment  is  made,  pour  the  liquor  from  the  fqlid  cry- 
ftals; this  liquor  is  ftill  faturated  with  (altpetre;  and  in  order 
to  make  it  part  with  more  of  its  faltpetre,  fome  of  the  water 
which  keeps  it  diflblved  muft  be  evaporated :  upon  the  taking 
away  a  part  of  the  water,  a  correfpondent  part  of  the  faltpetre 
lofes  the  power  by  which  it  is  fufpended,  and  ought,  upon  that 
prefumption,  inftantly  to  fall  to  the  bottom :  yet  it  muft  be 
remembered,  that  the  water  from  its  increafed  heat  during  the 
evaporation,  is  able  to  fupport  more  faltpetre  than  if  it  was 
cold ;  and  .therefore  the  faltpetre  will  not  begin  to  cryftallize. 
,  notwithstanding  the  lofs  of  pare  of  its  menftruum,  till  the  re- 
mainder begins  to  cool.  By  repetition  of  this  procefs  of  eva- 
poration and  cryftallization,  we  may  obtain  all  the  faltpetre 
which  was  at  firft  dnTolved,  as  no  portion  of  it  can  be  evapo- 
rated with  that  degree  of  heat  which  is  ufed  in  evaporating 
the  water.9 

Watfon's  Chem.  Eflf.  p.  90  to  92. 

It 


16         Mofi  Mineral  Bodies  cryftallized.    [Book  I, 

It  would  perhaps  be  no  rafli  affertion  to  fay,  that 
the  whole  mineral  kingdom  appears  in  a  cryf- 
tallized ft  ate;  and  this  adds  greatly  to  the  proba- 
bility that  chemical  combination  or  affinity  is  the 
great  principle  which  has  afted  in  the  formation  of 
all  bodies.  The  caufes  of  this  peculiar  diRribution 
of  parts  are  not  to  be  demonftrated,  and  on  fo  ab- 
ftrufe  a  fubjeft,  all  that  we  are  able  to  perform  is 
to  produce  fome  probable  conje&ures. 

The  old  and  fanciful  chemifts  and  alchemifts, 
who  remarked  the  curious  figures  which  faline  fub- 
ftances  affumed  during  their  cryftallization,  ima- 
gined that  the  falts  ftiil  retained  the  vegetative 
powers  of  the  plants  from  which  they  were  pro- 
duced,  and  ever}  thought  they  could  obferve  the 
form  of  the  plant  in  the  cryftallized  mafies.  Later 
philofophers  have  afcribed  to  the  primary  parts  of 
bodies  a  certain  property  which  they  call  .polarity 
(as  analogous  to  that  property  of  the  magnetic 
needle)  and  which  difpofes  them  to  ihoot  out  in 
certain  directions  *.  A  more  probable  opinion  ap- 
pears to  be,  that  the  minute  particles  of  each  crys- 
tallising body  are  of  fuch  a  form  that  the  fides, 
which  approach  in  contadt,  difpofe  them  in  a  par- 
ticular diredion. 

From  this  regular  arrangement  bf  the  parts  it 
refults  that  homogeneous  bodies  poftefs  always  an 
equal  denfity  in  all  their  parts ;  and  in  inoft  cafes> 
if  pature  is  interrupted  in  the  procefs,  the  concrete 

•  Joaes's  Phyfiolog.  Difquif.  22. 

will 
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will  be  imperfectly  formed.  So  nice  and  critical  is 
the  arrangement  of  the  parts  in  fonorous  bodies,  that 
it  is  faid  the  fmalleft  vibration  of  the  air  occurring 
during  the  operation  of  cafting  a  bell,  or  rather 
while  the  metal  is  fettling  in  the  mould,  even  the? 
barking  of  a  dog,  will  injure  the  tone  *. 

III.  The  attraftion  of  gravitation  materially 
differs  from  the  two  preceding  fpecies  of  attraction, 
lince  it  requires  neither  the  particles  of  the  bodies, 
nor  the  bodies  themfelves,  to  be  brought  into  im- 
mediate cojitaCt,  but  aCts  at  conflderable  diftances, 
and  in  this  refpeCt  it  is  analogous  to  the  attraction 
pf  magnetifm  and  eleCtricity. 

The  moft  obvious  ^ffeCt  of  gravitation  is  the  ge* 
neral  tendency  of  bodies  to  the  furface,  or  perhaps  to 
the  center  of  the  earth.  It  appears  to  be  one  of  the 
great  laws  of  gravitation,  that  the  attraction  of  bo- 
dies is  in  proportion  to  the  quantity  of  matter  they 
contain.  The  earth,  therefore,  being  fqch  an  im» 
menfe  aggregate  of  matter,  is  fuppofed  to  deftroy 
fhc  effe<9t  of  this  jrttraCtjon  between  fmaller  hodies, 
by  forcibly  compelling  them  to  itfelf.  The  attrac- 
tion of  mountains,  however,  upon  the  balls  of  pen* 
dulums  has  been  found,  by  repeate4  obfervations,  %q 
be  very  conflderable  f. 

The  efficient  caufe  of  this  fpecjes  of  attraction 
is  as  much  a  fecret  ^s  all  the  other  great  principles 
Of  nature.  Some  philofophers  have  fuppofed  grar 
yity  to  be  one  of  the  inherent  properties  of  matter; 

» 

*  Jones's  Phyfiol.  Difq.  22. 

I  N jcholfoq's  Introd.  to  Nat.  Phil,  V* }.  p.  26. 
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others  have  afcribed  it  to  the  agency  of  a  fubtle 
fluid ;  while  others,  with  more  modefty,  and  pro- 
bably with  more  truth,  have  had  recourfe  to  the 
immediate  agency  and  ihtetpttfition  of  the  divine 
*power. 

We  are  generally  on  fure  ground  when  we  de- 
scribe effe&s.  Ignorant  as  we  necefiarily  are  of 
the  caufes  or  inftruments  by  which  thi  fupreme  go- 
vernor of  the  univerfe  effe&s  his  purpofes,  an  at- 
tentive obfervation  will  commonly  furniih  us  with 

» 

the  obvious  mode  in  which  they  generally  take 
jplace.  What  philofophers  term  the  laws  of  nature, 
are  no  other  than  the  modes  or  forms  in  which  her 
operations  are  ufually  effe&ed  j  and  this  is  pre- 
tifely  the  cafe  with  what  are  called  the  laws  or 
properties  of  gravitation. 

Firft,  It  appears  chat  the  gravitating  force  being 
proportioned '  always  to  the  quantity  of  matter,  all 
bodies  gravitate  from  equal  diftances  with  equal 
velocity,  except  prevented  or  impeded  by  fbme  re- 
fitting medium.  Thus,  though  a  guinea  and  a 
feather  will  not  fall  to  the  ground  with  equal  velo- 
city in  the  open  air,  becaufe  of  the  refiftance  of  that 
fluid ;  yet  if  the  air  by  any  means  is  removed,  as 
in  the  vacuum  of  an  air  pump,  they  appear  to  fell 
at  the  very  fame  inftant  of  time :  for  though  the 
guinea  contains  confideraWy  more  of  folid  matter 
than  the  feather,  and  confequently  requires  a  more 
confiderable  force  to  put  it  in  motion,  yet  it  appears 
that  the  attfaftive  power  being  proportioned  to 
the  quantity  of  .matter,  its  velocity  is  equal  to  that 

of 
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of  a  body  which  requires  left  force  to  put  it  ii* 
motion. 

•  Secondly,  The  attra&ive  force  of  bodies  is  re- 
ciprocally as  the  fquarcs  of  the  diftances.  Thus,  if 
a  body  is  of  the  weight  of  one  hundred  pounds  at  the 
tfiftancc  of  ten  diameters  of  the  earth,  at  half  that  dis- 
tance it  would  have  four  times  that  weight,  or  die 
.force  of  gravity  would  be  exerted  upon  it  in  a 
quadruple  ratio,  and.  fo  in  proportion  as  it  ap- 
proaches the  body  of  the  earth. 

It  would  perhaps  have  been  more  correct  to  have 
fpoken  of  what  is  commonly  called  Jpeajk  gravity 
in  treating  of  the  denfities  or  porofity  of  bodies, 
but  the  reaibn  why  it  was  omitted  <*n  that  occ^&oq 
will  prefently  be  apparent.  The  truth,  i$,*  we  hay$ 
no  mode  of  determining  the  denfity  of  bodies,  but 
by  the  firft  of  thefe  laws  of  gravitation,  which  have 
juft  been  noticed*  For  fince  the  force  of  attraftioa 
which  nature  exerts  upon  all  bodies  is  in  proportion 
to  the  quantity  of  matter  which  they  contain,  It 
follows  of  courfe,  that  if,  of  two  bodies  equal  in 
bulk,  the  one  is  heavier  than  the  other,  that  body 
is  pofleffed  of  greater  denfity,  .or  contains  more 
matter  in  the  feme  conipafs* 

The  fymfic  gravity  is  therefore  the  very  fame 
thing  with  the  denfity  of  bodies,  and  has  relation  to 
the  quantity  of  (olid  matter  which  different  bodies 
contain  in  the  fame  bulk.  Ic  is  alfo  called  relative 
or  comparative  gravity,  becaufe  we  judge  of  it  by 
comparing  One  body  with  another.  If  bodies  are 
equal  m  bulk,  it  is  evident  their  fpecific  gravities 

may 
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may  be  eafily  determined  by  a  common  balancey 
and  heqce  fluids,  or  any  bodies  that  may  be  eafily 
reduced  to  the  fame  bulk  or  form  may  eafily  be 
weighed  and  compared.  By  weighing  accurately 
a  determinate  quantity  of  any  fluid,  an  ounce  for 
inftarice,  in  a  phial,  and  marking  precifcly  the  fpace 
which  -it  occupied  in  the  phial,  the  weight  of  the 
lame  quantity  of  any  other  fluid  may  eafily  be  had 
and  compared  with  the  former. 

The  fpecific  gravity  of  bodies  which  are  not,  nor* 
can  eafily  be  reduced  to  an  equal  bulk,  is  not  to  be 
obtained  by  any  method  equally  obvious  to  unphilo- 
fophical  perfons..  A  method,  however,  has  been  in- 
Vented  for  determining  the  lpecific  gravities  of 
fclid  bodies,  whatever  theft  figure  or  dimenfions* 
As  it  is  an  obvious  principle,  that  every  body  wherr 
itnmerfed  in  a  fluid  muft  difplace  a  quantity  of  the 
fluid  equal  to  its  own  bulk,  and  the  refiftance  which 
it  meets  with  from  the  fluid  will  be  found  exa&ly 
equivalent  to  the  weight  of  the  fluid  fo  dilpkced  5 
hence  if  any  fluid,  as  water  for  inftance,  is  taken  as 
the  ftandard  of  comparifon,  it  will  be  eafy  to  deter- 
mine the  lpecific  gravity  of  different  folids  by 
weighing  them  firft  accurately  in  air,  and  afterwards 
weighing  them  in  water,  and  comparing  their  lofs 
of  weight  in  this  latter  fluid,  which  will  be  in  exaft 
proportion  to  the  fpace  which  they  occupy.  To 
make  this  clear  by  an  experiment ;  fuppofe  it  was 
neceflary  to  determine  the  fpecific  gravities  of  any 
two  metals,  lead  and  tin  for  inftarice,  I  take  a  cer- 
tain quantity  of  the  former,  and  weighing  it  care* 

fully 
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fully  in  air,  I  find  its  weight  amounts  to  thirty-four 
ounces;  on  weighing  it  again  in  water,  I  find  ic 
weighs  but  thirty-one  ounces,  that  is,  it  has  loft 
three  ounces  of  its  weight,  or  in  other  words,  the 
lame  bulk  of  water  would  weigh  three  ounces  % 
the  fpecific  gravity  of  lead  is  therefore  to  that  of 
water  as  34  to  3  or  as  1 1  -J-  to  1.  On  weighing  a 
certain  quantity  of  tin,  I  find  again  that  it  amounts 
to  fifteen  ounces,  and  on  weighing  it  in  water  it 
appears  that  it  has  loft  two  ounces  of  its  weight* 
The  fpecific  gravity  of  tin  is  therefore  to  that  of  water 
as  1 5  to  2,  or  as  7  \  to  1,  confequently  the  compara- 
tive gravities  of  the  two  metals  pe  1 1  -f  to  7  f  *. 

In  the  common  tables  of  fpecific  gravities,  the 
weight  of  water  is  eft i  mated  at  1,  and  that  of  other 
fubftances  is  exhibited  in  the  fame  ratio.  To  de- 
termine therefore  the  fpecific  gravity  of  any  fub- 
ftance  heavier  than  water,  weigh  any  given  quantity 
of  that  fubftance  in  air  in  a  common  balance,  and 
afterwards  weigh  it  in  water,  carefully  noting  its  lois 
of  weight;  divide  the  whole  abfolute  gravity,'  or 
weight  in  air  of  the  fubftance,  by  its  lois  of  weight 
in  water,  and  you  will  have  its  fpecific  gravity* 

IV.  The  attraction  of  magnetism  only  differs 
from  that  of  gravity  in  its  operations  being  limited 
to  particular  fubftances.  The  magnet  is  an  ore  of 
iron,  and  its  property  of  attra&ing  certain  portions 
of  that  metal  at  moderate  diftances  is  well  known* 
Like  the  attraction  of  gravitation,  that  of  magnetifm 

•  Nichdfon's  Piilofpphy,  Y.  ii.  p.  is. 
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bears  a  proportion  to  the  diftance,  and  probably  to 
the  quantity  of  matter  (I  fhould  fay  of  magnetic 
matter)  in  the  attracting  bodies.  Bur  the  properties 
of  the  magnet  are  fa  curious  and  important  in  na- 
ture that  they  well  deferve  a  diftinft  chapter. 

V,  The  attra&ion  of  electricity  is  alfo  analo- 
gous to  that  of  gravity  in  the  property  of  a&ng  upon 
bodies  at  a  certain  diftance;  but  it  differs  from  it 
in  its  operation  being  confined  to  a  particular  ftate 
of  thofe  bodies,  that  is,  when  excited  by  fri&ion. 
But  this  peculiar  fpecies  of  attra&ion  will  be  more 
amply  treated    of   in  a  fucceeding  part  of  the 

work* 

There  is  a  property  fuppofed  to  be  incidental  to 
matter,  which  is  oppofite  to  this  of  attra&ion,  and 
which  is  therefore  denominated  repulsiok.  It  is 
a  maxim  of  the  Newtonian  philofophy,  that  where 
the  fphere,  or  power  of  attra&ion,  terminates,  that 
of  repulfion  begins.  In  the  inftance  which  has 
been  already  adduced  of  the  round  drops  of  dew 
upon  the  leaves  of  plants  it  is  fuppofed  not  only 
that  there  exifts  an  attradive  force  between  the 
particles  of  the  fluid,  but  a  repulGve  force  be- 
tween them  and  the  leaf  on  which  thev  are  fuf- 
pended.  That  the  drops  are  not  in  aftual  contact 
with  the  leaf  is  evident  from  their  white  or  pearly  ap- 
pearance ;  for  this  appearance  refults  from  the  copious 
reflection  of  white  light  from  the  flattened  part  of  the 
(urface  contiguous  to  the  plant;  and  it  is  well  known 
that  this  effedt  could  not  take  place,  unlefs  there  was 
a  real  interval  between  the  under  furface  of  the 

drop 
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drop,  and  the  contiguous  furface  of  the  plant  V. 
The  faft  is  alfo  evident  from  another  circumftance  i 
the  drop  is  not  found  to  have  the  fmalleft  adhefion 
to  the  leaf,  but  rolls  off  in  a-conVpadt  body  with  the 
greateft  eafe,  which  it  could  not  do  if.  the  fluid  was 
in  altual  cbntaft  with  the  leaf;  or  if  there  fubfifted 
any  degree  of  attraction  between  them. 

In  the  lame  manner  Aeedles  6r  othefc  light  rtfxe- 
tallic  bodies  will  fwim  on  the  furface  of  a  fluid. 
Flies  walk  upon  water,  and  oil  obftinately  refufes  to 
mix  with  that  and  other  fluids.  Hence  the  feathers 
of  water  fowl*  which  are  covered  lyith  a  thin  coaring 
of  fubtile  oil,  a&ually  repel  the  furrounding  wa- 
ter. 

This  principle  of  repulfioh  has*  however,  been 
dilputed  by  fume  late  philofophers ;  and  all  thefe. 
cffe&s  have  been  accounted  for  by  them,  by  fup- 
pofing,  not  that  there  exifts  a  pofnive  principle  of 
repulfion  in  the  water,  the  oil,  &c.  but  that  the  at- 
traction of  the  leaf,  of  the  water,  &c.  for  the  conti- 
guous bodies  is  not  fufHcient  to  deftroy  the  attrac- 
tion which  the  particles  of  homogeneous  fluids  pofiefa 
for  each  other* 

Thi  repulfion  of  magnetifm  and  ele&ricity  will 
be  treated  of  in  thofe  parts  of  the  work  which  are 
appropriated  to  thefe  fubjedts* 

*  Prieftle.y,«  Optics,  p.  454. 


Vot.  L  t>  Chap* 


t    34    1  [Bookl. 


Chap.  IV. 

Of  MOTION  AND  REST.    . 

SJrwtonioM  Theory  of  Motion \a*i  Rtft<+*Vi*  inmia<-*>Lmq$ 

of  Motion, 

THE  docVirtes  and  laws  of  motion  have  ft 
more  intimate  connexion  with  the  mecha- 
nical philofophy,  than  with  a  work  which  is  ftricTJjr 
and  literally  phyfiological.  As  accidental  proper- 
ties of  matter,  however,  motion  and  reft  could  not 
be  wholly  omitted  in  an  inveftigation  of  the  general 
principles  of  natural  philofophy  5  though  it  will  not 
be  necefiary  to  enter  minutely  into  the  detail  of 
fhofe  mechanical  powers  which  depend  upon  what 
are  ufually  termed  the  laws  of  motion  or  of  nature* 

An  attentive  and  judicious  obfervation  df  the 
nfual  courfe  of  nature  enabled  Sir  Ifaac  Newton  to 
reduce  the  general  principles  or  laws  of  motion  to 
the  three  following  axiomsr  There  appears  little 
neceflity  to  illuftrate  them  by  particular  inftances, 
fince  they  are  confirmed  by  conftant  and  univerfal 
experience ;  and  however  the  application  of  thefe 
principles  to  the  motions  of  the  heavenly  bodies,  or 
to  thofe  departments  of  nature  which  are  out  of  the 
reach  of  our  obfervation,  may  be  contefted,  their 

truth 
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truth  and  utility,  with  Fefped  at  lead  to  thole  bodies 
with  which  we  are  bed  acquainted  and  have  the  moft 
intimate  connexion*  will  fcarcely  admit  of  difpute. 

L  All  bodies  are  perfedtly  indiffererit  to  ltiotioa 
and  reiL  In  other  words,  a  body,  if  once  .at  reft* 
will  naturally  remain  fo,  Unlet  diftuHbcd  by  fome 
power  afting  upon  it ;  and  a  body  in  motion  wiH 
continue  that  motion  in  the  fame  diri&ion*  and  with 
the  fame  velocity,  linkfs  flopped  or  impeded  by 
fome  eiternil  caufe  *. 

The  firffc  part  of  this  proportion  is  evident  from 
**ery  part  of  nature,  firice  no  part  or  portion  of  .in- 
animate matter  appears  capable  of  giving  itfelf  my 
degree  of  mbtion.  The  latter  part  of  the  propor- 
tion, namely,  that  i  body  will  continue  its  motion 
for  ever,  unkfs  prevented  by  external  force,  it  is  not 
cfoeafy  to  illiJftrate  by  experiment,  .fince  we  $rp  not 
able  to  produce  any  ipectes  of  motion  which  is  not 
in  fome  degree  counterafted  by  the  force  of  gravi- 
tation, or  by  fome  refitting  medium*  The  <pon- 
clufion,  ho  we  ver*.  appears  to  be  fairly  drawn*  fined 
the  lefs  the  obftrudtion  which  is  oppofed  {o  ai^ 
body  in  motion,  the  longer  the  motion  continues  1 
thus  a  ball  will  continue  longer  in  motion  on  a 
fmoodi  than  on  an  uneven  ibrface,  whence  we  m^y 
itafonably  infer,  that  if  all  obftacles  were  com* 
(pletely  removed,  motion  once  communicated  wojdd 
new  ceafe  f« 

A  £& JBofiri4?*  Jpftit.  FJiJpfqphy,  pt  1 1, 12. 
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This  property  of  refiftance  in  matter  is  termed* 
technical  language,  its  vis  inertite. 

II.  The  alteration  of  the  ftate  of  any  body,  whe- 
ther from  reft  to  motion,  or  from  one  degree  of 
motion  to  another,  is  always  proportional  to  the 
force  which  is  imprefled,  and  in  the  direction  of  that 
force. 

By  this  law,  the  degree  of  force  is  fuppofed  to  be 
meafured  by  the  greatnefs  of  the  body  which  it  can 
move  with  a  given  velocity.  Thus  a  power  which 
could  give  to  a  certain  body  fuch  a  degree  of  cele- 
rity in  its  motion  as  to  enable  it  to  pafs  in  one. hour 
the  length  of  one  thoufand  yards,  would  give  to 
another  body,  half  as  great  as  the  former,  twice  the 
degree  of  velocity,  and  would  enable  it  to  pafe  in 
the  fame  time  the  length  of  two  thoufand  yards  *. 
Hence  the  quantity  of  motion  •  is  always  eftimated 
by  the  fwifenefs  of  the  ritotion,  and  the  quantity  of 
matter  which  is  moved.  If  A  and  B,  bodies  of 
equal  fize,  move  with  equal  velocity,  their  quantity 
of  motion  is  equal ;  but  if  A  contains  twice  as  much 
folid  matter  as  B,  and  moves  equally  fwifc,  it  pof- 
fefles  a  double  quantity  of  motion  j\ 

It  follows  evidently  from  the  fame  law,  that  i£  a 
new  force  is  imprefled  tipon  a  body  in  motion,  in 
the  dire&ion  in  which  it  moves,  its  motion  will  al- 
ways be  increafed  proportionably  to  the  acceffion  of 
force,  however  frequently  repeated.  - 

•  Pembertoo's  View,  p.  29,  36. 

f  Elements  of  Nat.  PhiL  by  Mr.  Locke,  chap.  i. 
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It  follows  al&,  and  may  be  proved  by  a  very«afy 
experiment,  that  if  a  new  force  is  impreffed  upon  a 
body  not  in  the  direction  in  which  it  moves,  but  in 
an  oblique  direction,  the  body  will  take  a  direction 
neither  exaCtly  the  fame  as  that  in  which  it  wat 
proceeding,  nor  yet  in  the  direction  of  the  new  fercc 
which  is  impreffed  upon  it,  but  a  direction  between 
both.  On  this  is  grounded  the  commonly  received 
opinion  concerning  the  motion  of  the  heavenly  bo- 
dies. The  centrifugal  force  is  that  which  is  fup- 
poled  to  have  been  impreffed  upon  them  at  their 
fir  ft  formation,  and  which  would  carry  them  .forward 
in  a  direCt  line  s  this  is  counteracted  by  the  force  of 
gravitation  (or  centripetal  force)  which  always  in- 
clines them  to  that  body  round  which  they  revolve  $ 
the  eonfequencc  of  thefc  .two  forces  aCting  in  dif- 
ferent directions  is,  that  the  bodies  always  move  in 
a  curve,  or  orbit,  which  is  more  or  lefs-  elliptical  as 
one  of  thefe  forces  happens  to  be  predominant. 

III.  The  third  law  is,  that  re-aCtion  is  alwayi 
equal  to  aCtion  *.  In  plain  terms,  the  refiftance  of 
a  body  at  reft,  which  is  aCted  or  preffed  upon,  aCts 
againft  a  moving  body  with  a  certain  degree  of 
powqr,  and  produces  the  fame  effects  as  would 
have  been  produced  by  a  -certairi  degree  of  aCtive 
force  exerted  in  a  direction  contrary  to  that  of  the 
moving  body.  Hence  it  follows,  that  any  one  body 
afting  upon  another  actually  lofes  as  much  force  as 
it  communicates,  as  will  be  evident,  if  with  a  fmall 


•  Pemberton's  View,  p.  31 


bullet 
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buflct  ftifpehded  from  a  ftring  wc  ftrifce  another 
bullet  which  is  at  reft,  or  from  obferving  a  ball  in 
^notion  on  a  billiard-table  ftrike  another  which  is  zft 
reft  on  the  table ;  in  both  which  cafes  the  ftrikkg 
body  wiU  lofe  half  its  quantity  of  motion,  and  that 
quantity  of  its  motion  which  it  lofes  will  be  com* 
jfminicated  to  the  other  body  *. 

This-  law  is  an  effeft  of  the  vis  inertia  of  matter, 
and  is  extended  to  all  cafes  where  there  is  a  refilling 
body*  When-  a  load  is  drawn  by  a  horfe,  the  load 
re-a&s  againft  the  motion  of  die  horfe,  and  the  pro- 
greffion  of  the  animal  is  as  much  impeded  by  the 
load,  as  the  motion  of  the  load  is  promoted  by  die 
efforts  of  the  animal.  The  finger  which  prefles 
againft  an^  folid  body  is  prefled  by  that  body ;  but 
$n  elaftic  fobftances  the  effedt  is  moft  apparent, 

•  Enfield's  Inftitatet,  p.  12,  13. 
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Chap.    V. 


OF    MAGNETISM. 


Of  natural  and  artificial  Magnett.-^Magnetic  Powers*— Jitrac* 
thn.^Re/m^i^P^arity.^Dn/indttfeih^Dt^iffg  eftb+Mag* 
ntth -  NetdU.— Communication  of the  Magnetic  Power*    • 


TH  £  properties  of  the  magnet  are  illuftrativ? 
of  fa  many  principles  and  laws  of  injure, 
that  though,  perhaps,  not  ftriftly  in  order,  I  hav* 
determined  to  introduce  tfce  fubjed  before  the  con- 
dufion  of  this  preliminary  book  y  as  fame  occafionp 
may  fhortly  occur,  when  a  reference  tQ  this  topic 
may  probably  be  ufeful,  if  not  abfoluttly  nocef- 
&ry. 

It  is  well  known  that  every  maggot  i$  a  ferru^i- 
neous  body,  and  that  its.  actradive  force  is  confined 
in  a :  great  meafure  to  ferrugtneous  fiibftances. 
Magnets  are  of  two  kinds,  natural  and  artificial. 
The  natural  magnet  or  loadftone  *x  is  a  bog  ore  of 
iron;  artificial  magnets  are  formed  either  by  being 
-touched  with  a  natural  magnet>. or  by  other  different 
proceffes,  which  will  prefently  be  explained. 


*  Lead  (Sax.)  or  leading  (lone,  probably  from  its  being  a 
juMe  to  manners **mAdam  en  Mag.  p.  377. 

t>  4  Th« 
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The  properly  magnetic  ores  are  ealciforpi  (re- 
sembling a  calx  or  cinder)  and  are  moftly  of  a  dull 
brownilh  black  *.  There  are  reddiih  magnets  found 
in  Arabia  j  but  moft  of  thofe  in  Europe  referable 
wrought  iron  in  colour.  Their  hardnefs  is  juft  fuf- 
ficient  to  afford  fparks  with  a  fteel,  and  they  are 
with  difficulty  attacked  by  a  file.  They  differ  con- 
fiderably  in  fpecific  gravity,  and  feem  to  contain 
feveral  fubftances  befides  iron  in  their  compofition, 
fuch  as  argillaceous  and  filiceogs  earth.  Mr.  Kir- 
wan  is  of  opinion  that  fulphur  enters  into  their  fub- 
fiance,  as  the  ore  fmells  of  it  when  heated  red  hot : 
probably,  alfo,  they  may  fometimes  contain  nickel, 
as  that  metal,  when  purified  to  a  certain  degree,  ac- 
quires the  properties  of  the  magnet. 

Natural  magnets  are  found  more  or  lefs  in  al- 
moft  every  iron-mine,  of  different  fhapes,  and  of 
different  fizes.  Some  old  writers  mention  magnets 
that  would  fwim  on  water  f;  thefe  were  probably 
fome  light,  fpongy,  volcanic  fubftances,  impregnated 
with  iron.  In  Virginia  there  is  a  magnetic  land, 
which  contains  about  one  half  iron.  Tbofc  mag- 
nets which  have  the  fineft  grain  poflefs  the  magne- 
tic virtue  in  the  ftigheft  perfection,  and  retain  it 
longer  than  any  other  J. 

The  great  and  well-known  properties  of  the 
magnet  are,  ift,  its  attra&ive  power;  2dly,  ks  pa- 

•  Kirwan's  Min.— and  Cavallo  on  Magnctifm. 
,    f  They  arc  in  general  about  feven  times  heavier  tl*an  water. 
J  Kirwan  and  ^avallo. 
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larity,  or  difpofition  to  conform  to  the  plane  ot 
the  meridian;  3d,  the  property  of  dipping  or  inn 
clining  to  the  earth ;  and  laftly,  the  power  of.  com-* 
municating  the  magnetic  virtues  to  other  ferrugi- 
neous  bodies. 

I.  Magnets  attraCt  clear  iron  more  forcibly  thaji 
any  other  ferrugineous  body.  The  iron  ores  are 
attracted  more  or  lefs  forcibly,  in  proportion  as 
they  are  impregnated  with  the  metal,  and  in  pro- 
portion as  it  exifts  in  a  metallic  ftate.  The  force 
of  the  attraction  between  a  magnet  and  iron  will 
depend  in  a  great  meafure  on  the  weight  and  form 
of  the  iron ;  but  art  and  oblervation  have  furnilh- 
ed  us  wkh  no  invariable  rule  in  thefe  refpeCts. 

One  magnet  attracts  another  magnet  in  contact, 
with  lefs  force  than  it  attracts  iron;  but  the  at- 
traction between  them  begins  at  a  much  greater 
diftan<?e  than  between  the  magnet  and  iron  alone. 

As  iron  is  diffufed  in  greater  or  lefs  quantities 
through  almoft  «41  the  different  bodies  of  which  the 
univerfe  is  compofed,  it  is  eafy  to  fuppofe  that  the 
natural  bodies  which  are  fubjeCt  to  the  magnetic  at- 
traction are  very  numerous.  The  perfect  metals, 
•gold,  filver,  and  platina,  as  well  as  lead  and  tin,  are 
however  total  exceptions;  though  their  calces  are 
jt  little  attraAed.  Animal  and  vegetable  fub- 
ftances  alfo,  though  they  are  known  to  contain  fmall 
Portions  of  iron,  feldom  exhibit  any  diipofition 
\o  be  attracted  before  *  combuftion  * ;  though  it  is 

•  •  Cav,  on  Mag. 

afferted 
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afferted  that  moft  fubftaoces  may  be  rendered  mag- 
netic in  fome  degree  by  being  expofed  to  the  aftion 
pkwx* 

-  Iran  is  attracted  with  different  degrees  of  force* 
according  to  the  different  modes  in  which  ic  exifts. 
It  is,  however,  in  no  ftatc  quite  infenfible  to  the 
jragnetic  power,  even  in  the  pureft  calx,  or  in  a 
ftate  of  folution.  Soft  iron  is  the  moft  fubjeft  to  a 
forcible  attraction;  feci  is  lefslb  than  iron,  efpecially 
trtrfn  hardened,  and  the  calces  of  iron  in  different 
degrees  *. 

Mufchenbroek,  by  a  feries  of  experiments,  en* 
deavoured  to  afcertain  the  force  with  which  tte 
magnet  attraAs  at  different  diftances*  He  •  fufpend^ 
ed  a  cylindrical  magnet,  finches  long  and  J  6  drains 
in  weight,  to  one  fcale  of  an  accurate  balance,,  and 
under  it  he  placed*  cylinder  of  iroivof  the  fame  Jhape 
jtnd  bulk.  The  following  is  the  force  with  which  it 
attracted  at  different  diftanccs,  eftimated  by  the 
fiurfber  of  grains  in  die  oppofite  fcale* 

At  6  inches     3  grains. 

5 3i- 

4 « 4i- 

3- 6. 

a-: 9. 

I 18. 

In  contaft  « —    87. 
This  experiment  would  perhaps  have  been  more 
intelligible,  if  it  had  been  previoufly  remarked  tfiat 
the  attra&ion  between  the  magnet  and  the  iron 

*  Cav.  on  Ma  J. 

is 
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^  ** 

is  always-fappofed  to  be  mutual.  If  a  magnet  and 
a  piece  of  ittta  are  placed  fo  as  to  float  on  the  &r~ 
face  of  waiter,  the  magnet  will  approach  the  iron, 
as  well  as  tht  iron  the  magnet  *  or  if  either  of  them 
are,  kept  fteady,  the  other  will  approach  towards 
iiV 

'  Gf  natur aP  magnets  the  finaller  poffefs  a  greater 
atfra&ftfet  pdwer,  in  proportion  to  their  fize,  than 
the  larger,  There  have  been  natural  magnets  of 
not  more  than-  *6  or  30  grafci6  in  weight,  whidi 
would  lift  a  piece  of  iron,  forty  or  fifty  times  heavier 
than  themfelrves ;  and  mention  is  even  made  of  one 
of  about  3  grains,  which  lifted  a  weight  oflroncon*- 
taining.746  grains,  or  250  times  its  Own  weight -h 
What  is  yet  more  extraordinary,  it  Aot  unfrequdntly 
happens,  that  a  loadftone  cut  off  froih  a  large  one 
will  itfelf  lift  9  greater  weight  than  the  ftone  from 
which  it  was  cut  off.  This  circumftance  jnaytrea* 
fonably  be  attributed  to  the  heterogeneous  nature 
of  the  large  loadftone  j  for  if  we  fuppofe  that  one 
part  of  it,  viz.  that  which  is  cut  off,  contains  a  con- 
fiderable  portion  of  magnetic  matter,  and  that  the 
jemaindcr  is  impure,  of  confequence,  while  they  re- 
main in  an  United  ftate,  the  impure  part  will  rather 
obffruft  the  a&ion  of  the  other  t. 

The  power  of  magnets  is  not  at  all  times  equally 
active;  they  will  at  one  time  attratt  at  a  much  great- 
er diftance  than  at  others.  To  -what  this  variation  i* 

*  Adams  on  Magnetifm,  p.  385. 

f  Cav,  oa  Mag.  p.  36*  J  Jb.  p.  37, 

owing, 
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owing,  is  impoffible  to  decide,  while  we  remain 
fo  perfectly  ignorant  as  we  are  of  the  caufes  of  all 
the  magnetic  phenomena:  probably  it  may  depend 
upon  the  temperature  of  the  (tone*  as  the  magnetic 
power  is  always  diminiftied  by  heat. 

There  is  in  magnets  a  natural  power  of  repulfion, 
as  well  as  of  attradtion.  Two  magnetic  bars,  for 
inftance,  will  attradt  each  other  if  the  two  extremi- 
ties or  poles,  which  correfpondjn  each,  are  brought 
within  the  Sphere  of  attraftton*  but  if  the  extremi- 
ties which  do  not  cprrefpond  are  brought  into  con- 
tact, they  will  be  mutually  repelled  *•  This  cir- 
.cijmftance  will  be  better  underftood  when  the  po- 
larity of  the  magnet  has  been  properly  explained. 
The  power  of  repulfion  is  fyppofed  by  fomc  ex- 
perimentalifts  to  be  weaker  than  that  of  attrac- 
pop. 

* 

II.  The  fecond  diftinguilhing  property  of  the 
magnet,  is  what  is  termed  its  polarity.  In  plain 
terms,  if  a  magnet  is  placed  in  fuch  a  fituation  that 
it  (hall  have  liberty  to  affume  that  dire&ion  which  is 
moll  natural  to  it,  for  inftance  if  it  is  made  to  float 
on  water  upon  a  piece  of  wood  or  cork,  if  fiilpended 
by  a  (lender  ftring,  or  fupported  by  a  pivot,  as  is 
the  peedle .  in  the  common  mariner's  compafs,  it 
willdifpofe  itfelf  longitudinally  nearly  in  the  plane 
of  me  meridian,  that  is  one  extremity  towards  the 
north  pole  of  the  earth,  and  the  other  towards  the 
jbtath.    The  two  extremities  which  correfpond  to 

*  Adams  en,  Mag.  p.  389. 

the 
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the  poles  of  the  earth  arc  called  the  poles  of  the 
magnet:  and  at  thefe  extremities  the  magnetic  vir- 
tues feem  to  exift  in  their  greateft  force,  as  a  mag- 
net will  fupport  a  much  more  confiderable  weight 
near,  the  poles  than  at  any  other  part  *. 

This  property  in  the  magnet  has  proved  the  baQs 
of  an  invention  the  moft  ufeful  to  navigation  that 
human  fagacity  ever  difcovered;  as  before  this  in- 
fallible guide  was  enlifted  in  the  fervice  of  the  ma- 
riner, the  moft  adventurous  pilot  did  not  prefume 
to  truft  himfelf  out  of  the  fight  of  land ;  confe- 
quently  commerce  is  much  facilitated  by  the  dis- 
covery, and  Ihipwreck  is  a  much  lefs  frequent  cala- 
mity. It  was  not  till  the  thirteenth  century  that 
this  circumftance  was  known.  Authors  are  gene- 
rally agreed^at  prefent,  that  a  Neapolitan,  of  the 
name  of  John  de  Gioj&,  if  not  the  inventor  of  the 
mariner's  compafs,  was  at  leaft  the  firft  who  made 
ufe  of  it  in  conducing  veffels  in  the  Mediterranean  f* 
Some  ridiculous  pretences  have  been  made  by  the 
Chinefe  to  the  honour  of  this,  as  well  as  of  other 
European  inventions ;  but  the  fables  of  that  bar- 
barous people,  as  well  as-  of  their  encomiafts,  the 
jefuits  and  infidels,  are  litde  to  be  regarded  J. 

Both  the  properties  of  attradtion  and  repullion. 
have  an  intimate  connexion  with  this  of  polarity. 
Thus,  it  is  uniformly  found  to  be  the  cafe,  that  in 
two  magnets  an  attrattive  force  obtains  between 

•  Adams  on  Mag.  p.  387.  f  Cav.  on  Mag. ' 

'  %  See  Mr.  Adams's  EfTay,  p.  409. 
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the  oppofite  polos,  and  a  repulfive  force  between  the 
.poles  of  the  fame  denomination.  If,  for  inftance,  th£ 
north  pole  of  the  one  is  brought  near  the  north 
pole  of  the  other,  a  mutual  repulfion  will  take  place j 
but  if  the  fouth  pole  of  the  one  is  applied  to  thtf 
aiorth  pole  of  the  other,  they  will  be  mutually  at- 
tradked.  And  if,  upon  the  lame  principles*  a  magna* 
is  cut  through  the  axis,  the  parts  or  Tegmenta  of  the 
ftone,  which  before  were  united,  will  now  repel  and 
avoid  each  other*.     If  two  magnets  of  a  fpberical 
form  are  freely  fufpended,  one  will  conform  itfelf 
to  the  other,  as  to  the  poles  of  the  earth*    This  in- 
fluence of  one  magnet  over  another  is  termed  the 
directive  power,  and  this  directive  power  atts  at  a 
greater  diftance  than  that  of  attra&ion.    This  may 
be  proved  by  placing  one  magnet  alt  the  bottom  of 
a  fcale,  and  holding  the  other  at  the  fame  diftance 
at  which  it  acts  in  altering  its  dire&ion :  in  this 
cafe  no  degree  of  attra&ion  will  be  produced  f. 
If  a  quantity  of  iron  filings  are  gently  dulled  on.  a 
magnet,  they  will  arrange  themfelves  around  it  in  a 
very  whimfieal  manner;  this  effed  is  only  to  be  ac- 
counted for  from  the  dire&ive  power  of  the.an^g- 
net,  for  the  61ings  by  con  tad  with  the  magnet 
affumc  the  magnetic  virtue,  that  is,  become  each  of 
thcim  a  fmall  magnet,   and  arrange    themfelves 
according  to  the  polarity  of  the  original  m^g- 


•  Adams  on  Mag.  p.  444,  f  Cav«  p.  $8- 

X  ih.— Nickolfon's  Phil  ii  p,  296. 
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Neither  die  dire&ive  nor  die  attra&ive  power  of 
the  magnet  is  diminMhed  by  the  interpolation  of  a 
foreign  body*  Steel  filings  fcattered  on  a  plate  otf 
-metal,  or  of  wood,  or  of  any  body  not  magnetic, 
will  be  affc&ed  by  the  morions  <rf  a  magnet  under 
the  plate;  and  ferrugmeous  bodies  are attraAed  with, 
the  fame  eafe,  and  at  the  fame  diftance,  in  the  va- 
cuum of  an  air-pump,  as  in  the  open  air  *. 

Natural  magnets  are  frequently  found  to  have 
more  than  two  poles.  That  is,  the  poles  of  ano- 
ther magnet  of  the  regular  form  will  frequently  b© 
Attracted  by  different  parts  of  the  furface.  This 
circumftance  depends  on  the  form  and  heteroge- 
neous nature  of  thefe  irregular  magnets:  for  a  good 
loadftone  is  always  of  an  uniform  texture,  and  ha% 
only  two  poles,  which  lie  in  oppofite  points  of  the 
furface,  in  fuch  a  manner,  that  aline  drawn  from 
the  onfc  to  the  other  would  pafs  through  die  center 
of  the  magnet  f.  When  a  magnet  has  more  than 
two  poles  of  equal  ftrength,  the  fupernumeraiy  poles 
may  be  fo  fkuated  that  the  magnet  will  not,  in  the 
technical  language,  traverfe;  m  other  words,  it  will 
not,  when  fufpended  by  a  thread,  &c.  or  when  float- 
ing on  water,  aflumc  the  ufual  dire&ion  to  the 
poles  of  the  earth  J. . 

The  magnetic  meridian  feldom  coincides  with  the 
real  meridian,  but  generally  is  found  to  vary  a  few 
degrees  from  the  true  dire&ion  of  north  and  foutb* 

• 'Enfield**  Initit.  p.  340.       \  Car.  p. 40.       %  ft.  P..43. 
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This  is  called  the  declination  of  the  compafs.  The 
magnetic  needle  varies  fometimes  to  the  eaft,  and 
fomcrimes  to  the  weft;  and  it  varies  not  only  in 
different  places,  but  even  in  the  fame  place  at  diffe- 
rent times.  The  declination  at  London  is  not  the 
lame  now  as  it  was  a  few  years  ago  *.    Nay,  fome 

#  The  "following  table  (hews  the  mean  declination  of -the 
needle  at  different  times  in  Paris  and  London. 
Year.  Paris.  Year. 


o 


1580  11  30  E.  1576  11  15  E. 

1610  8    o  E.  1634  4    5  E- 

1640  3    oE.  1657  o    o. 

1666  o    o.  1665  1  i:W, 

1670  1  30  W.  169a  6    o  W. 

1700  812W.  1730  ioisW. 

1728  14    oW.  1756  1515W. 

l7Jx        91  4SW*  "774        *«  16  W. 

1776        21  47  W. 

Near  the  equator,  in  long.  40*  JLaii,  the  higheft  variation* 
from  the  year  1700  to  1756,  was  17°  15' Weft;  and  the  le&ft 
i6#  30'  W.  In  lat.  1 50  N.  and  long.  6o#  W.  the  variation  was 
conftantly  50  E.  In  lat.  io°  South,  and  long.  6o*  E.  the  variation 
decreafed  from  xf>  W.  to  7*  15'  W.  In  lat  io°  S.  and  long. 
5*  W.  it  increafed  from  2*  1 5'  to  1 2*  45'  W.  In  lat.  15*  N.  and 
long.  200  W.  it  increafedfrom  i°  degree  W.  to  9  W.  -  In  the 
Indian  feas,  the  irregularities  were  greater,  for  in  1700,  the  weft 
variations  feem  to  have  decreafed  regularly  from  long,  co*  E. 
to  long.  100*  E.  but  in  1756  the  variation  decreafed  fo  faft, 
that  there  was  eaft  variation  in  long.  8o°,  850,  and  90  E.  and 
yet,  in  long.  95°  and  ioo°  E.  there  was  weft  variation. 

In  the  year  177;,  in  lat.  5^  17'  S.  and  long.  3480  16'  E.  it 
was  c?  i&  W.  *  In  lat.  2  24'  N.  and  long.  32°  12'  W.  it  was 
9  14'  45"  W.    In  lat.  50°  6'  30"  N.  and  long.  £  o'  W.  it 
was  190  2gT.W.    Enfield's  Inft.  Phil, 
g 
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very  nice  obfervations  feem  to  determine  that  thd 
declination  varies  at  different  times  of  the  day  .*. 

The  polarity  of  the  magnet  has  been  attempted 
to  be  accounted  for,  by  fqppofing  the  earth  a  large 
loadftone,  or  at  leaft  that  a  mafs  of  ferrugineou3 
matter,  equivalent  to  ftich  a  loadftone.,  is  contained 
widiin  the  bovwel$  of  the  earth,  to  which  all  fmallef 
magnets  muft  neceflarily  conform.  Attempts  have 
alfo  been  made  to  explain  the  variation  or  declina- 
tion of  the  compafs  upon  fimilar  principles*  If  the 
mafs  of  ferrugineous  or  magnetic  matter  which  the 
earth  contains  is  fuppofed  to  aft  upon  all  magnetic 
fubftances,  and  if  this  mafs  is  almoft  conftantly  va- 
rying its  pofition  and  compofition  by  fubterraneous  • 
fires,  it  is  not  very  difficult  to  fuppofe,  that  the 
magnetic  needle  will  be  fubjelt  to  confiderable  va- 
nations  from  thiefe  important  movements  f . 

The  magnetic  centre  is  the  point  between  the  two 
poles,  where  the  magnet  poffeffes  neither  attraction 
nor  repulfion.  If,  however*  a  part  of  a  magnetic  bar 
is  broken  off  at  either  pole,  the  fragment  will  ftill  be 
a  complete  magnet,  having  two  poles  and  a  centre> 
though  it  originally  might  belong  to  a  part  of  the 
magnet  which  was  altogether  of  a  certain  polarity  J* 

III.  Magnets,  while  they  attra<9t  other  bodies, 
appear  themfclves  to  be  fubjeft  to  the  attraction 
of  the  earth;  for  a  magnet,  or  magnetic  needle, 
-when  placed  fo  as  to  be  able  to  a£t  according  to  its 

*  Adapt  On  Mag.  p.  415,  416.        f  Nkbolfon's  Phil* 

}  Cav.  218, 
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native  impulfe,  inclines  one  of  its  poles  a  little  co 
the  earth,  while  the  other  is  proportionally  elevated: 
this  is  called  the  dipping  of  .the  needle,  and  the  in- 
clination or  dipping  is  found  to  be  different  in  dif- 
ferent  latitudes.  Near  the  equator  the  needle  a£ 
fumes  a  polition  almoft  perfectly  horizontal ;  in  the 
northern  hemifphere  the  fouth  pole  is  deprciTed  or 
attracted  to  the  earth ;  and  in  the  fouthern  latitudes 
the  north  pole  of  the  magnet  fuffers  ,a  fimilar  de- 
preffion. 

This  property  of  the  magnet  is  accounted  for 
upon  the  fame  principle  as  the  former,  namely,  by 
fuppofing  that  the  earth,  from  the  quantity  of  fer- 
rugineous  matter  which  it  contains,  a&s  as  an  im- 
pienfe  loadftone,  which  at  its  poles  attra&s  thofe  of 
every  other  magnet  fufpended  above  its  fiirface. 
It  has  more  than  once  been  repeated,  that  magnets 
attract  each  other  at  the  oppofite  poles.  Thus,  if 
a  fmall  magnet,  or  magnetic  needle,  is  fufpended 
by  a  thread  above  a  larger  magnet,  while  its  poles 
are  at  equal  diftances  from  the  poles  of  the  larger 
magnet,  it  will  remain  in  a  horizontal  pofition;  but 
if  it  is  removed  either  one  way  or  the  oiher,  that  is, 
if  one  pole  of  the  fmaller  magrxet  is  moved  towards 
die  Contrary  pole  of  the  larger,  it  will  be  attra&ed 
towards  the  perpendicular.  This  is  exadtly  illuftra- 
tive  of  the  dipping  needle,  which  upon  the  equator 
remains  in  an  equilibrium,  but  inclines  to  the  per- 
pendicular as  it  approaches  to  the  poles  of  the 
earth;  and  what  is  (till  more  agreeable  to  this 
theory  is,  that  the  dipping  or  inclination  of  the 

needle 
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needle  is  greatly  increafed  as  it  approaches  either 
pole. 

IV.  The  magnetic  virtue  may  be  communicated 
to  any  ferrugineous  body. 

ift.  By  contadt  with  a  real  magnet*,  and  in  this 
Way  artificial  magnets  are  in  general  prepared.  This 
property  of  imparting  the  magnetic  powers  is  not> 
however,  confined  to  the  natural  magnet,  for  arti- 
ficial magnets  are  capable  of  communicating  it  to 
frefli  ferrugineous  bodies,  and  that  without  the  leaft 
diminution  of  their  own  power  * :  and  the  power 
may  in  this  manner  be  communicated  from  one 
piece  of  iron  to  another  to  infinity.  A  weak  mag- 
net may  alio  be  rendered  more  powerful  by  the  ap- 
plication of  a  ftrongen 

Soft  iron  acquires  magnetlfm  with  more  eife  than 
hard  iron  or  fteel,  but  the  virtue  is  not  fo  perma- 
nent. Hard  fteel  will  retain  it  for  many  years  with- 
out diminution* 

• 

To  make  artificial  magnets  of  extraordinary 
power,  fome  addrefs  is  required.  A  fingle  magnet 
cannot  communicate  a  greater  degree  of  power  than 
itfelf  poffefles,  but  feveral  magnets  united  will  im- 
part a  power  equal  to  their  united  force  f.  It  wiU 
eafily  be  imagined,  that  the  power  imparted  will  be 
in  proportion  to  the  approximation  of  the  iron  to 

*  It  is  faid  indeed  that  the  power  of  a  magnet  is  iacreafed 
rathf  r  than  diminifhed  by  communication.— -Cav. 

f  Hence  it  is  evident,  that  artificial  may  be  made  much 
ftronger  than  any  natural  magnets  whatever.— Mams  on  Mag.  378* 
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the  magnet.  To  acquire  a  very  high  degree  of 
magnetifm  alfo,  the  iron  ought  to  remain  fome  time 
ia  contact  with  the  magnet. 

There  are  feveral  curious  phenomena  which  at- 
tend communicated  magnetifm.  The  nature  of  the 
magnetifm  communicated  will  frequently  depend 
upon  the  length  of  the.  iron  bar  which  is  brought 
into  contaft  with  die  magnet.  x  If,  for  inftance,  the 
north  pole  of  a  magnet  is  applied  to  the  extremity 
of  a  long  bar  of  iron,  that  extremity  will  of  courfe 
acquire  a  contrary  virtue,  and  become  a  fouth  pole  ; 
at  a  part  of  the  bar,  however,  not  very  diftant,  there 
will  be  found  a  new  north  pole  j  at  fome  diftance 
again  a  fouth  pole ;  and  fo  alternately,  till  the  power 
is  totally  loft  5  the  number  of  thefe  fucceffive  poles, 
depending  on  the  ftrength  of  the  magnetifm,  and  the 
length  ot  the  bar.  If,  however,  the  bar  is  of  a  mode- 
rate length,  there  will  be  only  two  regular  poles  *. 

The  polarity  of  a  bar  of  iron  may  be  altered  by 
gradually  moving  the  pole  of  a  magnet  along  its 
iurface.  Thus,  if  the  north  pole  of  a  magnet  is  ap- 
plied to  that  extremity  of  a  magnetic  bar  of  iron 
which  is  the  fouth  pole,  and  moved  gradually  along, 
the  other  (that  is  that  which  was  the  north)  pole 
of  the  bar  will  in  that  cafe  be  converted  into  a  foutl\ 
pole  \  • 

If  a  piece  of  wire  which  has  been  rendered  mag- 
netic is  twifted,  its  virtue  will  be  ftrangely  inter- 
rupted and  confofed.    In  fome  parts  it  wilt  attmft* 

*  Cav.  pvt  i.  c.  7.  +  Ih, 
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in  others  it  will  repel ;  and  even  in  forne  places  one 
fide  of  the  wire  appears  to  be  attra&ed,  and  on  th* 
other  fide  repelled,  by  the  fame  pole  of  a*  load- 
ftone  *•  This  and  other  phenomena  fecm  to  indi- 
cate, that  much  of  the  magnetic  power  depends  up- 
on the  texture  of  the  fubftance  which  retains  it. 

Every  portion  of  iron  is  capable  of  retaining  only 
a  certain  degree  of  the  magnetic  virtue*  If  a  ftrgng 
magnet  is  applied  to  a  fmall  piece  of  tteej,  the  ftecl» 
while  within  the  influence  of  the  magnet,  appear? 
powerfully  magnetic ;  bijt  if  the  magi>et  is  removed^ 
the  power  fubfides  to  a  certain  degree,  which  may 
be  termed  the  point  of  faturationf.  A  number  of 
magnetic  bars,  however,  may  be  joined  togedier,  fo 
as  to  form  an  exceedingly  ftrong  compound  mag- 
net J. 

2dly.  Iron  is  rendered  magnetic  merely  by  be* 
ing  kept  a  confiderable  time  in  a  fituation  perpenT 
dicular  to  the  furface  of  the  earth ;  and  in  this  he- 
mifphere  the  lower  extremity  will  be  the  north  pole, 
and  of  confequence  the  contrary  effeft  will  take 
place  in  the  fouthern  hemifphere.  This  phe* 
nomenon  alfo  is  explained  from  the  magnetifm  of 
the  earth,  which  communicates  its  power  to  ferru- 
gineous  bodies,  though  by  almoft  imperceptible 
degrees.  Old  iron  bars  in  windows,  &c.  are  fre* 
ijuently  found  to  be  ftrongly  magnetic  §. 

♦  Rees's  Cylop.  art.  Magnet;  and  Adams  on  Mag.  399. 

f  Cav.  92.  J  lb.  ' 

§  Lewenhook  mentions  an  iron  crofs,  which  had  acquired  a 
irery  ilxong  polarity.— Adams,  432. 
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The  moft  advantageous  fituation  of  the  bar  is 
however  not  dire&ly  perpendicular,  but  rather  in  the 
dire&ion  of  the  dipping  needle ;  and  indeed  the 
magnetic  virtue  which  it  acquires  feems  to  be  in 
proportion  as  it  approaches  that  direftion.  Hard 
iron  or  fteel  acquires  little  or  no  magnetifm  from 
the  earth;  on  account  of  its  greater  infcnfibility  to 
the  magnetic  influence ;  but  it  is  well  known  that 
iron  hardens  by  expofure  to  the  atmofphere ;  it  has 
been  faid,  therefore,  that  bars  of  foft  iron,  which 
have  remained  for  a  long  time  in  a  magnetic  direc- 
tion, have  acquired  as  ftrong  a  power  as  good  na- 
tural magnets  *. 

A  bar  of  iron  made  red  hot,  and  left  to  cool, 
or  quenched  in  water  in  the  pofition  of  the  dipping 
needle,  acquires  a  degree  of  magnetifm  propor- 
tional to  its  nature,  and  the  circumftanccs  of  it$_ 
cooling  f  • 

3dly.  Magnetifm  may  be  imparted  to  a  bar  of 
iron,  by  placing  it  firm  in  the  direftion  of  the  dip- 
ping needle,  and  nibbing  it  hard  one  way  with  a 
polifhed  fteel  inftrument  \. 

4thly.  Any  violent  percuflion  will  impart  polarity, 
and  the  other  magnetic  virtues,  to  a  bar  of  iron  in  a 
vertical  'pofition.  A  few  ftrokes  of  a  hammer  will 
produce  this  effeft ;  and  by  hitting  firft  ope  end  of 
the  bar,  and  then  ^the  other,  the  poles  may  be 
changed.  If  a  long  piece  of  wire  is  twilled  feveral 
times  backwards  and  forwards,  and  then  broken  off* 

?  Cav.        f  Adams,  and  Car.        \  Nicholfon's  Phil.  292. 
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at  the  twifted  part,  die  broken  end  will  be  mag- 


netic *« 


5  thly.  Even  hard  iron  tools,  when  heated  by  any 
brifk  a&ion,  as  hammering,  filing,  &c.  acquire  an 
impermanent  magnetifm,  and,  while  warm,  attraft 
thin  filings,  or  fmall  portions  of  iron  f.  This  fa&, 
I  am  inclined  to  fufpeft,  muft  depend  in  a  great 
meafureon  the  unequal  texture  of  thofe  tools:  if  wp 
fuppofe  them  to  be  compofed  of  hard  and  fofc  par- 
ticles, the  latter  will  eafily  acquire  an  impermanent 
magnetifm.  » 

6thly. .  Apparently  all  the  three  laft-mentioned 
pffefts  depend  upon  precifely  the  fame  caufe;  and, 
perhaps,  we  may  add  to  thefe,  the  magnetifm  which 
is  produced  by  eleftricity.  If  a  bar  is  laid  hori- 
zontally to  the  magnetic  meridian,  and  fubjefted  to 
the  eleftric  fhock,  whatever  may  be  the  direction 
in  which  the  fhock  enters,  that  extremity  which  is 

• 

pointed  towards  the  north,  will  be  the  north  pole  5 
and  if  the  bar  ftands  perpendicular,  it  will  follow 
the  ufual  law  of  communicated  magnetifm,  that  is, 
\n  this  hemifphere,  the  end  which  is  next  to  the 
earth  will  be  the  north  pole  J.  Lightning  is  the 
moft  powerful  of  all  natural  agents  in  producing  im- 
mediate magnetifm  j  it  will,  in  an  inftant,  render 
hardened  fteel  ftrongly  magnetic,  and  will  invert 
the  poles  of  the  magnetic  needle  §.  v 

One  of  the  moft  Angular  properties  of  the  mag- 
net is,  the  increafe  of  power  which  may  be  added  to 

•  Adams  on  Mag.  444*.       f  Rces  Cyclop,  art.  M*gnt. 
\  Ca]t*  §  Adams  on  Mag.  398. 
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it  by  gradually  increafing  the  weight  it  fuftains;  and 
on  the  other  hand,  it  will  gradually,  by  difufe>  lo(e 
much  of  its  natural  ftrength  *.  If  a  magnet  is  hung 
up  with  a  weight  of  iron,  as  much  as  it  will  for  the 
prefent  fuftain,  by  adding  gradually,  fuppofe  a  few 
grains  daily,  it  will  at  length  acquire  the  power  of 
attracting  near  double  the  weight  which  it  would 
have  attracted  at  firft.  It  is  probatye,  however* 
from  what  was  formerly  remarked,  that  this  power 
has  a  limit. 

If  a  piece  of  iron,  fomewhat  more  ponderous  than 
*  magnet  will  fuftain,  is  applied  to  die  pole  of  the 
magnet,  it  is  plain  that  on  removing  the  hand  the 
iron  muft  fall.  But  if  another  piece  of  iron  is  held 
at  fome  little  di fiance  below  the  firft,  the  magnet 
will  be  able  to  fupport  it.  The  reafon  is,  that  both 
pieces  of  iron  being  rendered  magnetic,  the  firft 
piece  is  actually  converted  into  an  artificial  magnet, 
by  its  contact  with  the  original,  and  its  virtue  is  in- 
creafcd  by  the  frcond  piece  of  iron,  confeqyently  it 
is  rendered  capable  of  a  greater  degree  of  attraction 
for  the  original  magnet  f.  To  make  this  perfedly 
clear,  it  is  neceffary  to  be  obferved,  that  a  piece  of 
iront  btought  within  a  certain  diftancc  of  a  magnet, 
becomes  itfelf  poffefled  of  all  the  magnetic  proper- 
ties, and  that  part  of  the  iron  which  is  neareft  the 
magnet  acquires  a  contrary  polarity.  Thus,  if  ? 
magnetic  chain  is  .compofcd  of  feveral  pieces  of  iron, 
£ach  piece  is  in  itfejf  a  complete  magnet,  and  they 

•  Cav.  %f.  f  Cav.  200, 
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mutually  ftrengthen  the  magnetic  virtue  of  each 
other*,  as  all  magnets  in  contact  are  known  to 
do. 

The  magnetic  virtue  is  diminished  : 
id.  By  difufe:  particularly  if  the  magnet  is  laid 
amongft  iron,  or  permitted  to  ruft.  Magnets  will 
alfo  be  injured,  unlefs  they  are  kept  together  with 
the  oppofite  poles  correfponding,  the  ends  being 
connected  by  pieces  of  irons  and  they  ought  never 
to  touch,  except  when  in  this  pofition.  The  fouth 
pole  fhould  always  be  employed  in  this  hemifpherc 
to  lift  iron  -,  and  a  ftrait  magnet  will  be  weakened, 
unlefs  kept  with  its  fouth  pole  to  the  north  in  the  di- 
rection of  the  magnetic  needle,  or  downwards  in 
that  of  the  dipping  needle  f. 

adly.  Heat  weakens  the  power  of  a  magnet ;  and 
that  high  degree  which  is  called  by  chemifts  a  white 
heat,  entirely  deftrdys  it  J.  On  this  principle  Mr. 
Canton  endeavoured  to  account  for  the  daily  varia- 
tion of  the  compafs ;  as  fuppofing  it  to  depend  on 
the  heating  and  cooling  of  the  magnetic  fubftances 
within  the  earth.  This  theory  he  illuftrated  by  the 
following  experiment; — About  E.  N.  E.  from  a 
.compafs  he  placed  a  fmall  magnet,  exa&iy  at  fuch  a 
jdiftance,  that  the  power  of  the  magnet  at  the  fouth 
pole  was  jult  fufficient  to  keep  the  north  end  of  tbp 
needle  to  the  N.  E.  point,  or  45  degrees.  He  con- 
trived to  heat  the  magnet,  by  putting  upon  it  a  brafi 

•  See  Cav.  p.  30  and  203. 
f  Adams  on  Mag.  3^7, 443,         J  Cav.  35. 
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veffel,  into  which  he  poured  about  two  ounces  of 
boiling  water,  and  as  die  magnet  gradually  heated, 
he  obferved,  during  feven  or  eight  minutes,  that  the 
needle  moved  about  three-quarters  of  a  degree  weft- 
ward,4  and  became  ftationary  at  44 J  • ;  in  nine  mr- 
nutes  more  it  came  back  a  quarter  of  a  degree; 
but  it  was  fome  hours  before  it  gained  its  former 
fitnation,  and  flood  at  45°  *.. 

3d.  In  general  the  fame  means  which  facilitate 
the  communication  of  magnetifm  to  ferrugineous 
bodies  not  magnetic,  tend  to  deprive  thofe  which 
really  are  fo  of  the  magRetifm.  they  have  ac- 
quired. Every  kind  of  violent  percuflion  weakens 
the  power  of  a  magnet ;  and  a  very  ftrong  magnet 
has  been  entirely  deprived  of  its  virtue  by  receiving 
feveral  fmart  ftrokes  with  a  hammer  f.  This  effect 
appears  to  depend  chiefly  on  the  derangement  of 
the  particles  in  the  magnetic  bodies.  Thus,  if  a 
dry  glafs  tube  is  filled  with  iron  filings,  magnetifm 
may  be  communicated  to- the  tube  by  touching  it 
'with  a  loadflone,  exactly  as  if  it  was  an  iron  bar ; 
but  the  leaft  agitation  which  difturbs  the  fituation 
of  the  filings  will  prefently  expel  the  magnetic  vir- 
tue \. 

4th.  In  the  fame  manner  the  ele&ric  fliock, 
which  imparts  the  ftrongeft  virtue  to  iron  not  pre- 
vioufiy  magnetic,  will  diminifh,  and  even  deftroy, 
the  power  of  a  real  magnet.  Eleftricity  will  alio 
fometimes  invert  the  poles  of  a  magnet  §. 


+  Adams  on  Mag.  417.        f  lb.  443.         J  lb.  444 
§  Cav.  part  i.  c,  7 ;  and  Adamt  on  Mag.  446. 
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The  phenomena  of  magnetifin  ftand  alone  among 
the  wonders  of  philofophy,  unlefs  we  fuppofe  the 
attra&ion  of  gravitation  to  be  a  fpecies  of  general 
magnetifm,  which  indifferendy  affe&s  all  the  va- 
rious bodies  of  which  this  univerfe  is  compofed. 
Certain  analogies  have  been  traced,  or  rather  ima- 
-gined,  between  ele&ricity  and  magnetifm.  Both 
powers  are  excited  by  friftion;  and  the  magnetic 
polarity  has  been  compared  to  the  two  ftatcs  of  pofi- 
tive  and  negative  ele&ricity.  The  analogy  is  fa* 
voured  alfo  by  the  poflibility  of  imparting  the  mag- 
netic virtue  to  iron  by  the  electric  fhock ;  and  the 
Aurora  Borealis,  which  is  generally  accounted  an 
cleftrical  phenomenon,  is  fuppofed  to  have  fome 
influence  on  the  variation  of  the  magnetic  needle/ 
Thefe^  powers,  neverthelefe,  I  muft  avow,  appear  to 
me  effentially  different.  The  phenomena  of  elec- 
tricity are  not  at  all  times  exhibited  by  ^leftrical 
bodies,  but  merely  when  thofe  bodies  are  in  a  ftate 
of  excitation.  When  the  eleftrical  virtue  is  im- 
parted from  one  body  to  another,  the  body  that 
imparts  it  lofes  proportionably  of  its  own  power, 
but  the  magnet  rather  increafes  than  diminifhes  its 
ftrength  by  communication.  *  The  eleftric  matter 
is  vifiblej  whereas  the  very  exiftence  of  a  magnetic 
fluid  is  juftly  queftionable  j  befides  that  electricity, 
both  in  its  nature  and  effe&s,  bears  fo  clofe  an  ana- 
logy to  another  apparently  very  different  power  in 
nature,  that  there  can  be  no  reafon  for  referring  it 
to  one  with  which  it  appears  to  have  a  very  flight, 
and,  mod  probably,  only  a  cafual,  agreement. 

The 
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The  ^polarity  of  the  magnet,  as  well  as  the  dip- 
ping of  the  needle,  are  in  all  probability  mere  effe&s 
of  its  great  property,  attraction,  fince  they  appear 
to  be  fairly  accounted  for,  from  the  ftrong  and  pe- 
culiar attra&ion  which  the  magnet  appears  to  have 
for  the  earth,  or  rather  for  that  immenfe  mafs  of 
ferrugineous  matter  which  the  earth  contain*.    The 
attraftion  of  the  magnet  is  commonly  fuppofcd  to 
depend  upon  the  agency  of  a  fubtile  fluid  which 
circulates  around  it,  enters  the  pores  of  the  magnet 
itfelf,  and  of  all  the  bodies  which  it  attracts,  I  con- 
fefs  that  the  theories  which  are  founded  upon  this 
hypothefis  appear  to  me  fo  deficient  in  the  only 
proof  that  ought  to  be  admitted  in  natural  philo- 
sophy, I  mean  a&ual  obfervation,  and  I  am  (till  in- 
clined to  account  the  caufe  of  magnecifm  as  one  of 
the  undifcovcred  principles  of  philofophy.     I  am 
not  fond  of  indulging  the  imagination  in  its  favou- 
rite propenfity  to  create  invifible  agents  in  order  for 
the  fabrication  of  pkufible  theories,  which  fomc 
flight  and  cafual  experiment  may  (hortly  overturn. 
We  appear  to  be  equally  ignorant  of  the  nature  of 
gravitation,  and  of  the  common  attradtion  of  cohe- 
sion and  combination.     It  is  a  trite  remark,  that 
there  are  certain  points  at  which  the  human  faculties 
muft  (lop  in  all  our  fpeeulations.     This  would  be  a. 
dangerous  tenet,  if  it  promoted  indolence,  or  dif- 
couraged  our  ardour  in  the  purfuit  of  natural  know- 
ledge by  the  only  fecure  path,  I  mean  that  of  expe- 
riment \  but  it  is  a  falutary  maxim  when  applied  to 
the  imagination,  and  when  it  only  ferves  tQ  reftraiij 
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our  ardour  for  fabricating  (yftems,  which  have  no* 
other  end  but  to  remove  for  a  moment  the  uneafy 
but  ufeful  fenfation  of  doubt  and  curiofity. 

,1  (hall  not  therefore  incumber  my  work  with  the 
detail  of  fyftems  £0  which  I  do*  not  feel  inclined  to 
aflent ;  but  for  a  clear,  and,  I  think,  corredt,  (late* 
ment  of  the  mod  plaufible  theories  concerning  the 
caufes  of  magnetifm,  (hall  content  myfelf  with  re- 
ferring my  reader  to  an  author  to  whom  I  have 
many  obligations,  and  whofe  lofs,  as  a  friend,  I  can 
never  fufficiently  lament  9  and  (hall  direft  him  to 
coniult  the  late  Mr.  Adams's  ingenious  Eflay  on  this 
fiibjeft  *. 

•  Printed  in  the  fame  volume  with  his  Eflky  on  Elefirictty, 
In  the  fame'  Effay  the  reader,  who  wiibes  to  entertain  himfclf 
with  the  practical  and  experimental  part  of  magnetifm,  will  find 
.  proper  and  eafy  directions. 
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HISTORY    OF    THE    DISCOVERIES 
RELATIVE   TO  FIRE  AND  HEAT. 

Opinions  of  the  Ancients*— 'Of  Bacon,  Boyle,  and  Newton.— Of 
Homberg,  $gra*ve/end9  and  Lenury.**- Invention  of  the  Ybenm- 
meter.— ^Opinion  of  Boerbaave.— Great  Difcovery  of  Dr.  Black* 

SO  wonderful  is  the  nature,  fo  extenfive  is  the 
a&ion,  and  fo  eminent  is  the  power  of  fire,  that 
by  one  of  the  greateft  nations  of  antiquity  *  it  was 
adored,  as  the  embodied  prefence  of  the  fupreme 
God:  and  even  in  countries  where  the  -  adoration 
was  lefs  palpable  and  direft,  fomething  myfterious 
was  always  attributed  to  this  fubtile  and  aftonifhing 
element ;  and  the  rites  and  myfteries  of  fire  were 
celebrated  in  temples  and  in  groves,  from  the  (hores 
of  the  Hellefpont  to  the  banks  of  the  Tiber. 

An  opinion  feems  to  have  been  prevalent  among 
the  early  philofophers  of  Greece,  that  fire  is  the 

•  The  Perfians.— See  Herod  Lib.  HI.  c.  ig. 
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only  elementary  and  homogenial  principle  in  nature, 
and  that  from  its  different  modifications  all  this  va- 
riety of  different  bodies  is  produced  *.  This  idea 
is  ridiculed  by  Lucretius,  who  adopts  the'  fyftem  of 
Epicurus :  and  indeed  the  Epicureans,  as  well  as  the 
Peripatetics,  feem  to  have  confidered  fire  as  a  dif- 
tinft  elementary  fubftance,  capable  of' combining 
with  the  other  elements,  but  by  no  means  the  mat-^ 
ter  from  which  they  are  originally  generated. 

The  hiftory  of  error  can  afford  but  little  inftruc- 
tion,  otherwife  volumes  might  be  filled  with  the  fan- 
taftical  opinions  which  have  been  from  time  to  time 
entertained  concerning  the  element  of  fire.  On  the 
revival  of  letters  and  philofophy,  our  illuftrious  Ba- 
con, in  a  treatife  exprefsly  written  upon  the  fub- 
jeft  f,  endeavours  to  prove,  that  heat  is  no  other 
than  an  inteftine  motion  or  vibration  in  the  parts  of 
bodies;  and  he  was  followed  by  mod  of  the  philo- 
fophers  of  this  kingdom  during  the  laft  century. 
The  opinion  of  Bacon  is  fupported  by  a  variety  of 
fa&s,  which  are  adduced  by  Mr.  Boyle  in  a  diflerta- 
tion  on  the  mechanical  origin  of  beat  and  ccld  £;  nor 
does  the  fyftem  appear  repugnant  to  the  fentiments 
of  Newton ;  though  he  Ipeaks  of  it  with  that  diffi- 
dence which  is  always  obfervable  in  his  writings, 

•  Lucret.  lib.  i.  636.  f  De  forma  Calidi. 

%  Mr.  Boyle,  however,  though  thus  apparently  deceived  with 
refpe&  to  the  caufe  of  heat,  in  another  effay  reafons  juitty  with, 
refped  to  its  effecls.  He  confiders  ice  not  as  the  preternatural 
Hate  of  water,  but  water  as  ice  preternaturally  thawed  by  heat. 

Beyle  on  the  nut.  and  freternaU  State  ef  Bodies* 

lu&aqce 
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When  treating  of  fads  not  abfolutely  deraonftrated 
by  experiments  of  his  own*. 

Notwithftanding  the  reputation  of  the  Englifli 
philofophy,  this  theory  was  received  with  great 
reluctance  abroad.  The  celebrated  Romberg, 
Sgravefend,  and  Lemery  the  younger,  affert,  thac 
fire  is  a  diftin£t  fubftance  or  body,  which  enters 
into  combination  with  all  other  bodies,  pervades  all 
bodies,  and  may  be  again  expelled  from  them  by 
violent  motion  or  comfweftion,  though  the  fire  b 
certainly  not  generated  by  fuch  morion  j\ 

One  of  thefe  philofophers  (M.  Lemery)  indeed 
carried  his  (yftem  much  further,  and  made  *  very 
near  approach  to  the  received  do&rinesof  the  pre- 
fent  day.  He  affcrted,  that  fire  is  not  only  con- 
tained in  thofe  bodies  which  are  inflammable,  but 
even  in  water  itfclf.  Ice  he  affirmed  to  be  the  na- 
tural ftate  of  water  5  and  he  added,  that  the  fluidity 
of  that  fubftance  is  a  real  fufion,  like  that  of  metals 
exposed  to  the  fire,  only  differing  as  to  the  quantity 
of  heat  neceflary  to  preferve  it  in  fufion  J. 

*  About  the  commencement  of  the  laft  century  in- 
ftruments  were  firft  contrived  for  meafuring  the  heat 
of  bodies  by  the  degree  of  expanfion  j  and  this  in- 
vention feemed  to  give  fome  colour  to  the .  hypo- 
thefis  of  the  German  philofophers,  fince  it  is  not 

Very  clear  how  a  mere  increafe  of  motion  can  in- 

• 

•  Optics,  318,  349.  t 

f  The  reafons  in  fupport.of  each  of  thefe  theoric*  will  h# 
«o*€denxl  in  the  following  chapter. 

~  I  Men.  de  I'Acad.  Roy.  1 709. 
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creafe  the  extent  of  bodies.  It- was  long  obferved, 
that  all  bodies  are  expanded  by  ah  incfeafe  of  heat ; 
and  it  was  evident  that  fluid  matters  were  affe&ed 
more  than  folids.  The  firft  fiibftance  therefore  that 
was  employed,  was  the  Very  expanfible  and  elaftic 
fluid  air;  a  quantity  of  this  fluid  was  inclofed  within 
a  fmall  tube,  with  &  fmall  drop  of  oil,  or  fome  co- 
loured liquor,  at  the  top,  which  ferved  to  fhew  the 
expanfion  which  the  inclofed  air  underwent  from 
the  iiicreafe  of  temperature.  As  this  thermometer, " 
however,  was  open  at  the  top,  it  wis  alfo  found  to  b£ 
affe&ed  by  the  external  air;  tubes  hermetically  fealed 
tf  ere  therefore  prefently  fubftituted,  2nd  the  Coloured 
liqiiors  themfelves  were  found  to  be  fufficiently  ex- 
panfible 50  mark  the  degrees  of  heat.  Spirit  of  wine  . 
was  employed  by  the  Florentine  academicians, 
and  oil  was  afterwards  made  life  of  by  Sir  Ifaac ' 
Newton  j  who  conftituted  the  points  at  which  water 
freezes,  and  that  at  which  the  fame  fluid  boils  or 
afliimes  the  form  of  vapfcur,  as  extreme  points  of  his 
fcale  of  heat.  Thefe  thermometers  were  however  ftf- 
perfeded,  at  leaft  in  England  and  Germany,  by  thfc, 
invention  of  01ads*Roemerx  afterwards  improved  by 
Fahrenheit,  who  fubftituted  mercury  in  the  place  of 
the  other  fluids  which  had  previoufly  been  employed 
in  the  conftruftion  of  thermometers. 

The  fagacious  and  learned  Bfcerhaave,  both  by 
his  own  experiments  and  by  his  attention  to  thofe  of 
others,  contributed  greatly  to  the  elucidation  of  the 
riftflrinfc  of  heat  and  fire.  He  was  a  ftrenuous 
aflerter  of  the  exiftence  of  fire  as  a  diftinft  elemen- 

Vol.  I.  F  tary 
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tary  fubftance.  Expanfion  of  rarefa&ioa  he  conJi- 
ders  as  the  uniform  fign  or  criterion  of  its  exiftence 
ia  other  bodies.  The  production  of  fire  from  the 
attrition  of  two  bard  bodies,  as  a  flint  and  fteel,  Or 
two  pieces  of  hard  wood*  &c.  he  accounts  for,  by 
fuppofing  that  the  parts  of  thefe  bodies  will  every 
moment  be  violently  comprefTed*  which  will  excite 
iQ  them,  by  their  re*adion>  a  vibratory  motion,  and 
this  will  neceffaply  excite  and  expel  the  fire  which 
exifted  latent  in  their  pores ;  and  as  fire  is  capable 
of  being  produced  in  this  manner  by  the  violent 
attrition  or.  motion  of  all  bodies,  he  infers  that  it  is 
prefent  through  every  part  of  nature  ;  yet,  fince  it  is 
expelled  by  the  attrition  or  vibrations  of* the  par- 
ticles, he  thinks  it  is  clear  that  it  does  not  penetrate 
the  integrant  or  elementary  particles  of  bodies,  but 
cxifts  only  in  their  pores  or  interfaces.  As  fire  is 
fuppofed  to  exjft  in  all  bodies,  he  proves  its  exis- 
tence in  air  and  water  -,  and  agrees  in  opinion  with 
the  younger  Lcmery,  that  ice  is  the  natural  ftate  of 
water,  and  that  it  is  kept  in  a  fluid  ftate  by  a  quan- 
tity of  fire  which  it  abforbs.  / 

There  is  a  period  when  the  minds  of  men  are 
prepared  for  the  reception,  as  well  as  for  the  profe- 
cution*  of  great  difcoveries  in  fcience.  The  hints, 
for  they  are  little  more,  which  had  been  afforded 
by  thefe  philofophers,  appear  to  have  made  little  im- 
preffion ;  and  the  nature  of  heat,  fire,  and  fluidity 
feems  to  have  been  involved  in  obfeurity  and  con*-' 
tradidion,  till  the  genius  and  induftry  of  f)r.  Black, 
of  Edinburgh*  developed  a  fyftcm,  which  explains 

fatisfaftorily 
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fefts&ftbrtiy  4  variety  of  th£  moft  curious  and  dlflfi^ 
cult  phenomena'  in  nature.    By  a  number  of  nfctf 
obfervatfons,  he  was  enabled  to  determine  that  ab- 
fblutte  heat  or  fire  was  abforberf  by  all  bodied  What* 
ever,  and  that  h  was  abforbed  in  greater  quantities 
by  fluid*  than  by  folid  fubftanctfs ;  heat  therefore  he1 
<?onfidered-  as 'the  caufc  of  fluidity.   He  found  farther 
that  bodies  in  paflfog  from  a  fblid  to  a  fluid  ftkte 
abforb  a  quantity  of  heat  without  increafing  their 
tern perature  dr  fenfible  heat,  as  manifefted  by  thtf 
thermometer    Thus,  if  tf  ater  with'  a  quantity  of 
Ibltd  ice  is  fet  over  the  fire,  the  temperature  of  ther 
water  will1  not  be  irtcreafed,  b\it  Will  continue  at  tticf  ' 
heat  of  ja  degrees,  thefreezing  point,  till  evfery  parti- 
cle of  the  ice  is  diflbhred.  The  reafonds,  that  firebfe*- 
ing  abfolutely  neceflary  to  irtipartfluidity  to  arty  body, 
in  proportion  as  the  ice  becomes  fluid  the  fupe<- 
ffaous  fire  is  abforbed:    In  the  fame  mariner;  wheii 
the  fluid  is  converted  into  vapour,  a  quantity  of  ab- 
lbluteheat  or  fire  is  abforbed  without  any  increafe  of' 
temperature  above  the  boiling  or  vapourific  point. 
This  difcoyery  Dr.  Black  was  led  to  by  hfeatihg 
water  in  a  clofc  furnace  a  confiderable  degfee  abdve 
the  boiling  point ;  when  On  opening  the  veflel  iri 
Which  the  water  was  confined,  he  found  that  a  fitlall 
qpuamijty  of  the  fluid- burft  out  fuddenfy  in  the'fomv 
of  vapour,  and  the  temperature  both  of  the  vapour 
and  of  the  remaining:  water  irttrriedia'tely'funk  to : 
the  boiling  point.    It  was  evident  therefore  ttiat 
the  fuperfluous  heat  was  abforbed  by  the  vapbuiy/ 
and  at  the  quantity  of  water  which  was  loft  by  the 
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procefs  was  not  great,  it  followed  that  a  confider- 
able  quantity  of  the  matter  of  heat  ,or  fire  is  neccf- 
.  fary  to  keep  water  in  a  ftate  of  vapour.  -When  any 
quantity  of  heat  is  expelled  from  a  body,  in  fuch  a 
manner  as  to  affeft  our  touch,  it  is  termed,  accord- 
ing  to  Dr.  Black's  theory ,/cnftble  heat ;  and  when  it 
is  abforbed  by  any  body,  and  exifts  in  combination 
with  that  body,  either  in  a  fluid  or  vapourific  ftate, 
it  is  termed  latent  heat.  It  is  alfo  evident  from . 
what  has  been  Hated  that  the  opinion  of  thefe  later 
philofophers  is,  that  heat  or  Are,  which  has  alfo  been 
called  igneous  fluid,  matter  of  beat,  and  lately  by  the 
French  chemifts  caloric,  is  a  diftinft  fubftance  or 
fluid,  which  has  an  attraction  for  all  other  fub- 
ftances ;  that  it  pervades  mod  bodies ;  that  it  is  the . 
only  permanent  fluid  in  nature,  and  the  caufe  of 
fluidity  in  all  other  bodies.  That  not  only  common 
fluids,  fuch  as  water,  but  all  elaftic  fluids,  fuch  as 
vapour  and  air,  owe  their  exiftence  in  that  ftate  to 
the  prefencc  of  heat;  and  that  it  is  fubjeft  to  all  the 
laws  of  attraction,  and  is  more  forcibly  attradted  by 
fome  bodies  than  by  others. 

The  fchool  of  Dr.  Black  feems  to  have  confidered 
light  and  heat  as  eflentially  different  -t  and  Dr. 
Scheele,  a  Swedifti  philofopher,  has  endeavoured  to 
prove,  that  light  is* formed  by  an  union  of  the 
matter  of  heat  with  phlogifton  or  the  inflammable  . 
principle  :  but  this  theory  is  now  exploded. 

Upon  the  theory  of  Dr.  Black,  die  late  ingenious 
Dr.  Crawford  *  has  founded  a^ery  curious  fyftem  < 

concerning, 

*  I  cannot  mention  this  truly  amiable  phUofopher,  withont 
a  fliort  tribute  to  his  memory,  though  it  has  apparently  little 

connection 
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concerning  the  generation  of  heat  within  animal 
bodies,  which  he  confidcrs  as  derived  from  the  air 
we  breathe.  The  air  being  condenfed  on  the  lungs, 
the  heat  which  it  contained  in  a  latent  date  is  ab- 
forbed  and  difperfed  over  the  animal  body- — But 
this  is  a  fubje^J:  which"  properly  belongs  to  another 
part  of  the  work. 

connexion  with  the  fubjeft.  No  man  was  even  better  calcu- 
lated for  promoting  ufeful  fcience  than  Dr.  Crawford.  In  him 
induftry  and  perfeverance  were  eftablifhed  habits ;  and  candour 
and  caution  chara&eriftic  difpoiitions.  With  all  the  advantages 
of  a  liberal  education,  he  united  great  natural  fagacity,  acute- 
nefs,  dnd  ingenuity ;  yet  the  toft  quality  was  tempered  by  a  cool- 
nefs  and  colle&ednefs  of  mind,  which  effectually  prevented*  his 
too  haftily  acceding  to  the  rafy  conclufions  of  plaufible  theory. 
With  all  his  excellence  as  a  fcientific  man,  he.poflefljsd  the 
gentleft  of  tempers,  the  moft  friendly  heart.— From  his  pro- 
mifed  revifion  of  this  work,  I  had  flattered  myfeif  with  great 
advantages;  but  what  are  private  lofles,  compared  with  that  of 
the  public !  If,  after  having  ferved  his  country  in  a  public  ca- 
pacity, the  family  of  fuch  a  man  mould  "be  left  in  indigence,  to 
what  a  ftate  is  the  national  fpirit  reduced ! 


E  3  Chap. 


1    7<>    1  I3q<*  »• 


Chap.  II. 

OP  FJRE  <  pA^OWC  )  ANP  ITS  PROPERTIES. 

Inquiry  <whtther  Heat  or  Fire  is  a  Subftance  or  S{uedity.—~Fire  m 
jp#iy*-~4j>plKetKm  of  4fc"  I)o$run.—A»d*gy  jbefiuue*  Homt 

~  and  Li&b*-^bje&puc*-Pr9ferti4t  of  Fir*  or  Caloric ;  iMi- 
nuUttefs  of  Particles;  attradei  by  all  Bodies  ^^CondstMiug 
fowm*  ,(f  different  Bo#ts*~CauJo  of  Fluidity *-rWky  Heat  is 
prqduud  by  flocking  £im*>  *nd  by  certain  Mixtures  of  cold  Snb- 
fiapces+y- Freezing  of  Water  by  the  Firs  $$de  explained*— Fire 
tfre  moft  elafiic  of  oft  Modi**. 

THE  clement  of  fire  is  only  knowtj  by  its  ef- 
fp&s;  fo  fiubtile  *nd  evafive  indeed  is  this 
wonderful  fluid,  fo  various  are  the  forms  which  k 
aflumes  in  the  different  departments  *of  nature  which 
it  occupies,  that  ifs  very  ejwftence,  we  have  feen, 
has  been  queftioned  by  fame  philofbphers. 

Heat,  fay  thefe  theorifts,  is  nothing  more  than  an 
inteftine  motion  of  the  moft  fubtile  particles  of  bo- 
dies* Fire  is  no  other  than  this  motion  increafed  to 
a  certain  degree,  in  other  words,  a  body  heated  very 
hot  $  and  flame  is  no  more  than  ignited  vapour,  that 
is,  vapour,  the  particles  of  which  are  agitated  in  an 
extraordinary  degree, 

In  fuppoit  of  this  theory  it  is  alledged,  I.  That 
jnotion  in  all  cafes  is  Jtnown  to  generate  heat ;  and  if 
continued  to  a  certain  degree,  altual  ignition  will  be 

produced, 
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produced,  as  the  fri&ion  of  two  pieces  of  wood  will 
firft produce  heat,  and  afterwards  fire;  and  the  mo- 
tion of  a  glafs  globe  upon  an  claftic  ctilhion  Will 
caufe  a  dream  of  fire  to  be  copioufly  emitted,  adty, 
Bodies  which  are  moft  fufceptible  of  inteftine  mo- 
tion, are  moft  readily  heated,  jdly,  Motion  always 
accompanies  fire  or  heat,  as  is  evident  on  mixing 
oil  •  of  turpentine  and  vitriolic  acid  \  and  the  heat 
feems  in  moft  cafes  to  bear  a  proportion  to  the  de- 
gree of  motion  or  agitation.  In  the  boiling  of  water, 
and  in  the  hiding  of  heated  iron  when  applied  to  a 
fluid,  this  motion  is  evidently  manifefted.  4tMy„ 
If  the  particles  of  any  body  are  excited  to  a  violent 
degree  of  inteftine  motion,  by  attrition,  fermenta- 
tion, &c.  if  they  do  not  a&uafly  emit  flames,  they 
will  yet  be  difpofed  to  catch  fire  with  the  utmoft  fa- 
cility; as  in  the  diftillation  of  fpirits,  if  the  head  of 
the  ftill  is  removed,  the  vapours  will  inftandy  be 
converted  into  flame  if  brought  into  contaft  wich  a 
lighted  candle,  or  any  other  ignited  body.  Laftly, 
Heated  bodies  receive  no  accefllon  of  weight,  which 
they  apparently  o,ught  to  do,  on  another  body  being 
introduced  into  their  pores. 

Plaufible  as  this  reafoning  appears  at  firft  fight,  the 
hypothefis  which  afligns  exiftence  to  die  principle 
of  fire,  as  a  diftinft  elementary  principle,  is  fup- 
ported  by  more  numerous  fa&s,  and  by  more  deci- 
five  reafons ;  it  accounts  better  for  all  the  pheno- 
mena of  nature,  and  even  for  ihofe  very  phenomena 
which  afc  adduced  in  fupport  of  the  contrary  opi- 
nion. 

F  4  ift.  If 
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I  ft.  If  it  is  admitted,  as  I  apprehend  it  muft,  by 
the  advocates  for  the  contrary  opinion,  that  the  in- 
ternal motion  or  agitation,  which  they  fay  conftitupes 
heat,  is  not  equally  felt  by  all  the  component  parti- 
cles of  bodies,  but  only  by  the  minuter  and  more 
fubtile  particles ;  and  that  thefp  particles  being  after- 
wards thrown  intp  ^  project ile  ftate  produce  the  ef- 
fect q( light;  fhefe concefliQns  will  almoft  amount  to 
the  eftabljfhment  of  the  principle  of  fire  as  ap  ele- 
jpentary  principle, 

adly.  TJiaf  fire  is  really  a  fubftance,  and  not  a  quaT 
Jity,  appears  from  its  a&ing  upon  other  fubftances, 
the.reality  of  which  has  never  been  doubted.  Char- 
coal, in  its  natural  ftate,  contains  within  its  pores  a 
Jarge  quantity  of  air;  but  if  charcoal  i$  heated,  thjs 
air  is  expelled  by  the  fire,  which  affumps  its  place, 
and  occupies  the  ppres  of  the  charcoal.  The  burp- 
ing of  lime  alfo,  which  deprives  it  of  a  gitat  part  of 
its  weight  by  expelling  the  fixable  air,  demonftrates 
that  fire,  as  a  fubftance,  pnters  jntp  the  pores  of  the 
lime,  and  forces  out  thofe  othtr  fubftances  which 
are  leaft  intimately  combined  with  it. 

3dly.  All  the  evidence  of  pqr  fenfes,  and  many  iq- 
jdpbitable  experiments,  prove  that  light,  which  many 

,  fuppofe  tQ  be  fire  in  a  prcjedlile  ftate,  is  a  fubftance. 
jioerhaaye  concentrated  the  rays  of  the  fun  in  a  very 
ftrong  burning-glafs,  and  by  throwing  them  ypon 
fhe  n^ejlle  of  4  compafs,  the  needle  was  put  in,mq- 

,.tion  by  the  forge  of  the  rays,  as  it  would  have  been 
by  a  bWft  °f  ajr,  or  a  ftroke  from  fome  other  body, 
put  this  experiment  was  purfued  with  ftill  fuperiqr 

fuccefs. 

•  •  •  -       j 
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fuccds,  by  a  late  ingenious  philofopher  *.  He  con- 
ftru£te4  an  inftrument,  in  the  form  of  a  fmall  vane 
pr  weather-cock.  It  confifted  of  a  very  thin  plate 
of  copper,  of  about  one  inch  fquare>  which  was  at- 
t ached  to  one  of  the  fineft  harpfichord  wires,  about 
fen  inches  long.  To  the  middle  of  the  wire  wat 
fixed  an  agate  cap,  fuch  as  is  ufed  lor  the  fmalleft 
mariners  compafles,  after  the  manner  of  which  it 
was  intended  to  turn ;  and  the  copper  plate  was  ba- 
lanced on  the  other  fide  by  a  grain  of  fmall  £hot. 
The  inftrument  weighed  ten  grains ;  and  to  prevent 
its  being  affe&cd  by  the  vibrations  of  the  air*  it  was 
Jnclofed  in  a  glafs  box*  The  rays  of  the  fun  were 
thrown  upon  the  plate  of  copper  from  a  concavp 
mirror  of  tjyo  feet  in  diameter ;  in  confequence  of 
which  the  vane,  or  copper  plate,  moved  on  repeated 
trials  with*  a  gradual  motion,  of  aljout  one  inch  in  a 
feconjd  of  time.  This  experiment  I  think  afuffi- 
pient  demonftratiofi,  if  any  demonftration  was 
wanted,  that  light  at  lead  is  a  body.  Of  the  iden- 
tity of  light,  heat,  and  fire,  I  fhall  have  occafion  af- 
terwards to  treat. 

4thly.  The  ple&ric  fire  affe&s  bodies  with  a  true 
corporeal  percufiion  t ;  and  that  this  effeft  is  not 
owing  to  the  vibration  of  the  air,  or  any  medium 
but  that  of  fire  itfelf,  is  proved  by  many  experiments 

*  Mr.  Mitchell.— See  a  fuller  defcription  of  his  inftrument 
and  experiments,  in  the  Phil.  Tranf.  and  Prieftley's  Optica, 
P-  387*  *  ."'■-' 

t  Jones's  Phyfiol.  Difq.  p.  %$• 
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in  vacuo*  &c.  Now,  .if  one  Ipcctes  of  fine  is  al- 
lowed to  be  material,  there  feerrn  to  be  no  reafon 
why  we  ftoulfl  «deny  the  fame  attribute  to  the 
reft.      • 

S&ly.  ft  is  not  ealy.to  conceive  how  a  body  can 
be  expanded  by  motion  alone ;  and  k  is  much  more 
natural  to  fuppofe,  tfiat  bodies  ane  expanded  by  the 
interpofitien  of  an  extremely  a£Hve  and  claftic  fub- 
•ftance  between  their  component  particles. 

■6thly.  It  is  well  known  ibat  tljpre  can  be  no  igni- 
tion t3r  combuftion,  diat  is,  there  can  be  no  very 
bigh  degree  of  heat,  without  a  fopply  of  air;  a  can- 
<He,  for  t nftance,  will  ceafe  to  burn  in  vacuo,  or  in 
air,  tfce  pure  part  of  which  is  deftroyed  by  burning 
or  tefpkation.  This  is  a  fe<5t  which  cannot  be  ac- 
counted for  on  the  principle  that  all  heat  is  no  other 
than  inteftme  motidn ;  but  is  eafily  explained  if  we 
iuppofe  fire  a  diflinft  elementary  Tubftance,  which  is 
contained  in  pure  air,  fend  is  yielded  by  the  air  to 
the  force  of  a  -fiiperior  attra&ion. 
■-  tftMy.  That  heat  is  generally  accompanied  by 
motion,  is  no  proof  that  heat  and  motion  are  the 
fame;  on  the  contrary,  nothing  is  more  natural 
Jihin  that  the  entrance  of  an  exceedingly  elaftic  fab- 
ftance  into  the  pores  of  another  body  ftrould  excite 
4bme  degree  of  inteftinc  motion,  as  well  as  the 
emiflionof  the  fame  fubftance,  which muft  occafion 
Ibme  degree  of  contraction  in  the  particles  of  the 
body.  Hea(  is  indeed  excited  by  the  attrition  of 
two  pieces  of  wood  5  but  why  may  not  the  fire  in 
that  cafe  be  expelled  from  the  wood  by  the  vibra- 
:  tion 
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-ftpn  or  eontrafldoi^af  its  fibres  *,  or  from  the  air 
which  occafionafly  !intprpofes  itfcJf  ?  In  the  fan*  . 
manner  a  piece  of  lead  wiii  become  hot  by  fatal*. 
TOring;  but  lead,  and  all  jnet^s,  are  known  to  con- 
tain a  quantity  of  fire  in  a  latent  or  combined  Hate, , 
which  indeed  occafionalty  cauies  cheir  cxpanfioA  or 
dilatation;  k  is  then  the  more  probable  fuppofition, 
fthat  the  fire  is  expelled  from  the  lead  by  the  ham- 
mering and  contraction  of  the  metal,  and  this  is 
rendered  ftill  more  probable,  fince  the  cpntra&ion 
&  compreffion.of  die  metal  in  a  vice  will  produce 
the  fame  effect.     The  inftance  taken  from  rite  '4#- 
^flam.mabilicy  of  the  iteam  of  fpirituom  liquors  wHlBfc 
perfe&ly  explained  when  I  fpeak  of  ftcam  or  ra- 
pour ;  befides  that,  thefe  liquors  are  among  the  mdft 
inflammable  fubftances  with  which  we  are  acquaint- 
*d,  apd  their  particles,  being  jn  a  rarefied  ftate,  Will 
be  more  fubjeft  to  thqfe  natural  forces,  which  in  all 
ftates  are  known  to  aft  upon  them.    There  is  no  in* 
ireafe  of  gravity  in  heated  bodie3,  becaufe  of  die  great 
elaftiaty  of  the  mattes*  of  fire,  which  expands  the 
bodies  into  which  it  enters,  apd  confequehdy  ra* 
Cher  dirjiinifhes  their  fpecific  gravities.  v  m  . 

7thJy.  AU  the  other  phenomena  of  nature  art 
jpnore  fatis&dorijy  accounted  for,  on  the  principle 
that  fire  is  a  diftindt  feibftaqqc*  than  on  jhat  which 
fuppofes  it  a  mere  quality,  depending  on  the  tremor 
OF  jrueftine  motion  of  bodies.  > 

•  If  the  parts  of  a  body,  containing  any  fluid,  are  mad*  to 
vibrate  ibongiy,  they  will  in  general  expel  a  part  of  the  jloia 
Wi  of  $e  fQtC6*~#kMf<m,  Vol  II.  >?>  itz.  V1'   < ; 

IHcat 
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Heat  and  light  arc  the  only  pieans  by  which  wc 
arc  enabled  to  difcover  the  prefence  of  fire ;  I  con- 
clude, therefore,  that  they  are  both  effe&s  of  *he 
feme  caufe.  The  rays  of  the  fun,  when  concen- 
trated to  a  certain  degree,  produce  intehie  heat; 
and  heat,  when  violendy  excited  by  attrition,  &c. 
if  the  body  in  which  it  is  excited  is  in  favour- 
able circumftances,  will  generally  terminate  in 
flame,  and  consequently  in  the  emifiion  of  light. 
This  hypothefis  receives  a  ftrong  confirmation 
from  an  experiment  of  Mr.  Boyle.  He  coloured 
the  furface  of  a  large  tile,  one  half  whitei  and  the 
.other  bfcck ;  after  Suffering  it  to  He  for  fome  time, 
expofed  to. the  fummer  fun,  he  found  that  while 
the  whited  part  of  the  furface,  or  that  part  which 
reflected  back  the  rays  of  light,  remained  quite 
cool,  the  black  part,  which  imbibed  them,  was 
grown  extremely  hot.  He  occafionally  left  a  part 
of  the  tile  of  its  native  red  \  and,  after  expofing 
the  whole  to  the  fun,  found  that  this  part  grew  hot- 
tor  than  the  white,  but  not  quite  fo  hot  as  the  black 
part*  He  obferves,  that  rooms  hung  with  black 
are  not  only  the  darkeft  but  the  warmeft  alfo ;  and 
a.virtuofo  ofunfufpe&ed  credit  aflured  him,  that 
in  hot  climates  he  had  feen  eggs  well  roafted  in  a 
fhort  time,  by  only  blacking  the  (hells,  and  expof- 
ing vthem  to  the  fun.  This  fa£t  was  afterwards 
completely  eftablilhed  by  Dr.  Franklin,  who  ex- 
pofed feveral  pieces  of  cloth  of  different  colours 
iipon  the  furface  of  fnowj  he  found  that  the  black 
funk  confiderahly  beneath  the  fyrface*  coqfequendy 

that 
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that  it  imbibed  a  large  quantity  of  heat,  whereas 
the  white,  which  reflected  the  greater  part  of  the  rays 
of  light,  had  imbibed  fcarcely  any  heat  whatever. 

The  only  objeftion  of  any  moment,  which  ha* 
arifen  againft  this  do&rine.is,  that  there  exift  cer- 
tain bodies,  fuch  as  what  are  called  the  folar  phof- 
phori,  putrefcent  fubftances,  and  rotten  wood,  which 
emit  or  reflect  light,  without  apparently  poffefling 
the  fmalleft  quantity  of  fenfible  heat.  If  however  we 
confider  the  extreme  weaknefs  of  the  light  which  is 
emitted  by  thefe  fubftances,  the  objection  will  appear 
to  have  little  force.  The  moil  concentrated  moon- 
light,  in  the  focus  of  a  concave  mirror,'  is  not  more 
than  the  three  hundredth  part  of  the  intenfity  of  com- 
mon funfhine  * -,  and  yet  the  light  from  thefe  fub- 
ftances is  not  to  be  compared  with  that  of  the 
moon.  Nay,  the  analogy  between  heat  and  light 
receives  confirmation  from  thefe  very  fubftances; 
for  the  property  which  they  poffefs  of  emitting 
light,  is  greatly  increafed  by  an  acceffion  of  heat; 
and  even  phofphori,  in  which  the  light  has  for 
fpme  {pace  of  time  been  dormant,  or  in  which  it 
is  apparently  exhaufted,  will  emit  light  upon  the 
application  of  heat  alone  f. 

I  conceive  fire  therefore,  or  caloric,  as  termed  by 
the  French  chemifts,  to  be  the  elementary  princi- 
ple or  caufe  of  heat  and  light.     JFire  in  a  difen-' 

•  See  a  note  by  the  ingenious  tranflator  of  Fowwy**  Lec-- 
tiares.     Vol.  I.  p.  123. 

J  Prieftley's  Optics,  part  iv.  £.  i. 

gaged 


78     General  Properties  tfFtre  or  Caloric.  [Bbakr  tL 

gagtdr'ftate,  or  in  the  aft  of  palling  fh&tt  oae  body 
to  another,  tmpirflfcs  our  organs  with:  the  fenfe  of 
heat  ^  and  fire,  inararsftedand  projcftile ifete^  pro- 
bahly  conft:  tutcs  the  matter  of  light.  Coafiftendy 
with  tfiefo  principles,  the  fun  may  be  confidered  a* 
the  great  fource  of  fire,  whence  it  is  diftributed  to  alt 
the  different  bodies  in  our  folar  fyftem.  On  the 
feme  ground  alfo,  cold  Is  univer&Uy  ailowed  to  be 
a.  mere  negative  quality,  and  to  mean  nothing  more 
than  die  abfence  of  heat  or  fire, 

k  appears  the  moft  convenient  form  of  treating 
this  important  fubjeft,firft  to  confider  fire  in  its  capa- 
city of  exciting  heat  and*  producing  expanfion  -,-  and 
fccondlyy  to  direft  our  attention  to  the  various  phe- 
nomena which  it  exhibits,  in  its  combined  ftate,  as  the 
efficient  caufe  of  fluidity  both  in  the  incompreffibfe 
and  elaftic  or  aerial  fluids*  I.fhalLfirft  enter  into  a 
brief  detail  of  the  principal  and  known  properties  of 
fire,  caloric,  or  heat ;  and  fhall  afterwards  illuftrate 
thefe  properties  by  its  efefts  in  different  inftances. 

Firft.  The  particle*,  of  fire  appear  to  be  more 
mimic,  than  thofe  of  any  .other  fubftance  whatever.  „ 
It  penetrates  all  bodies  with  the  ucmoft  eafe.  If 
the  pores  of  a  body  are  difpofed  in  right  lines*  fa 
as  to  admit  the  paffage  of  fire  without  impeding 
its  velocity,  it  will  be  tranfmitted  in  the  ftate  of 
light  as  well  as  id  its  ordinary  ftate,  when  it  excites: 
the  fenfation  of  heat,  as  is  the  cafe  with  all  tranf- 
parent  or  diaphanous  bodies.  But  there  is  no  body, 
however  denfe,  which  will  not  admit  this  element  to 
x  circulate 
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circulate  through  its  pores  witb  the  Utfcooft  rapidity. 
A  piece  of  charcoal  fcrewed  up  fafl:  in-  a  veflel  of  mm 
\f  ill  be  ignited  as  effe&ualiy  aa  in.  the  naked  fire. 
Thofe  bodies  which  moft  completely  exclude  die 
air,  are  utterly  unable  to  refift  the  entrance*  of  fire: 
for  a  thermometer  will  rife  equally  in  the  moft 
complete  vacuum  that  can  be  produced,  as  in.  the 
open  air41. 

*  adly.  The  matter  of  fire  i*  atfira&ed  more  or  left 
by  all  bodies.  When  any  heated  body  comes  m 
conta&  with  a  cold  one,  the  focmec  lofes  a  part  of 
its  heat,  and  both. of  them  become  equally  warm. 
If  heated  iron,  is  laid  upon  a  ftone,  its  heat  will  flow 
into  the  ftone;  if  thrown  into  water,  the  heat  will,  be 
diffufed  through  the  water.  If  a  number  of  diffe- 
rent fubftances,  as  metala,  wood,,  wool*  &e.  are 
brought  together  into  a  place  where  there  is,  nee  a 
fire,  if  they  are  of  different  tetnperatures^that  is,  of 
different  degrees  of  heat,  the  fise  will  be  attracted 
from  the  hotteff  to  thole  that  are  colder,  till  the  per- 
fedfc  equilibrium  is  reftored,  or  till  they  have  all.  ac- 
quired the  fame  temperature,  as  may  be  proved  by? 
applying  the  thermometer  fucceffivcly  to  each  of 
them. 

It  does  not  appear,  however,  that  all  bodies  have 
an  equal  attraction  for  the  matter  of  fine.    If  a  rod!, 
of  iron  is  put  into  the  fire  for  a  fhort  time,  the  end 
which  is  at  a  moderate  diftance  from  the  fire  will 
almoft  burn  the. hand ;  but  a  rod  of  wood,  of  the  . 

> 

•  * 

•  See  Jones's  Phyf.  Difq.  p.  88. 
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fame  length  will  be  conftttaed  to  afhes  at  the  end 
which  is  in  the  fire  before  the  other  end  is  fbffi- 
ciently  heated  to  burn  the  hand/  A  ball  of  lead 
and  a  ball  of  wool  may  be  of  exadly  the  fame  tem- 
perature by  the  thermometer,  but  they  will  not  ap- 
pear of  the  fame  degree  of  heat  on  applying  the 
hand.  If  they  are  of  a  temperature  below  that  of 
our  bodies,  the  lead  will  appear  much  colder  than 
the  wool,  becaufe  it  attrafts  the  heat  more  rapidly 
from  the  hand ;  if  they  are  of  a  higher  temperature, 
the  lead  will  appear  much  hotter,  from  the  facility 
with  which  it  parts  with  its  heat.*  This  property 
in  bodies  is  called  their  conducting  power ;  and  thofe 
bodies  through  which  the  element  of  fire  mod  ra- 
pidly circulates,  art  called  good  condudors; 
•  The  power  of  conducing  the  matter  of  fire  feems 
to  depend  upon  the  texture  of  bodies,  that  is,  upon 
the  contaft  of  their  parts*;  hence  the  exceffive 
flownefs  with  which  heat  is  communicated  to  bodies 
of  a  rare  and  fpongy  texture.  Thus  flannel,  wool, 
and  feathers,  are  confidered  as  warm  coverings,  not 
becaufe  they  poflefs  more  heat  in  themfelves  (far 
they  fenre  to  preferve  any  cold  body  in  a  cool 
ftate  better  than  other  fubftances)  but  becaufe  they 
prevent  the  cfcape  of  the  animal  heat  from  our  bo- 
dies.    It  is  a  well-known  fail,  that  ice  is  generally 

•  This  is  proved  by  an  eafy  experiment :— if  a  cube  and  a 

fphere  of  the  fame  metal  are  put  upon  a  plane  intensely  heated* 

the  heat  will  flow  falter  into  the  cube ;  and  if  the  fame  bodies 

are  previoufly  heated*  and  expofed  on  a  cold  plane,  the  cube 

/Will  cool  fooneft.  r 
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kept  in  ice-houles  in  ftrawfor  wool,  thofe  fubftanccj, 
from  the  rarity  of  their  parts,  preventing  the  Entrance 
of  the  heat.  On  the  fame  principle  the  ground  \i 
kept  warm  by  fnow,  that  fubftance  being  of  a  foft 
and  ipongy  texture.  It  is  true  it  will  not  keep  the 
ground  warmer  than  the  freezing  point  ;  but  that 
is  warm,  when  compared  with  the  intenfe  cold  which 
is  occafionally  experienced  in  moft  northern  cli- 
mates. 

An  ingenious  and  accurate  experimental!  ft  has 
lately  endeavoured  to  eftimate  the  conducting  power 
of  different  bodies.  The  conducing  power  of  mer* 
cury  he  found  to  be  to  that  of  water,  as  1,000  to 
313.  Hence  it  is  plain  why  mercury  appears  fo 
much  hotter  or  fo  much  colder  to  the  touch  than 
water,  at  a  time  when  they  are  evidently  of  the 
fame  temperature  by  the  thermometer.  Common 
air  is  a  much  better  condu&or  than  the  Torn* 
cellian  vacuum*;  ks  condudting  power,  com- 
pared with  that  of  the  vacuum,  is  nearly  as  i>ooo 
to  605. 

A  moid  air  condu&s  the  matter  of  fire  with 
much  greater  rapidity  than  a  dry  air ;  but  the  rarity 
or  denfity.of  the  air  appears  to  have  little  effeft 
upon  its  conducing  power* 

*  *Made  by  filling  a  tube,  clofed  at  the  topi  with  mercury, 
and  emptying  the  upper  part  of  the  tube  by  immerfing  the  lower 
in  a  veffel  filled  with  the  fame  fluid,  as  is  the  cafe  in  the  com* 
mon  barometers.  This  is  the  moft  perfect  vacuum  we  safl 
snake. 
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The  proportion  of  the  conducting  power  in  th<* 
different  fubftances  which  were  the  obje&s  of  hi* 
experiments,  is  as  follows : 

Mercury    -**---_     1,000 
Moift  air    -      -      -      -      -      -  -  -        330 

Water        ---•*-*--,    313 
Common  air,  the  barom.  at  27  inc-  9  lines   80  ^V^ 
Rarified  air,    -    barom.  at  6  -  11  lines   80-^ 
The  fame,     -     barom.  at    1  -      2     -  •  78. . 
The  Torricellian  vacuum    -    -     -     -     55  * 

From  the  different  effe&s  of  bodies  upon  our 
feeKngs,  according  to  their  conducting  powers,  arifes 
the  diftin&ion  which  philofophers  have  made  be- 
tween abfolute  and  fenfible  heat.  It  will  be  re- 
membered, that  the  fenfation  of  hot  is  the  entrance 
of  firfc  or  heat  inta  our  bodies,  and  the  fenfation  of 
cold  is  its  departure  from  them  f-  Thefe  circum- 
ftances  render  the  fenfes  of  animals  a  very  inaccurate 
meafure  of  heat  5  *  efpecially  if  we  confider  further, 
that  much  will  alfo  depend  upon  the  ftace  of  the 
organ  of  feeling  at  the  particular  time.  Water, 
at  the  temperature  of  620,  appears  cold  to  a  warm 
hand ;  but  it  will  appear  warm  to  a  hand  which  is 
of  a  lower  temperature  %.    Travellers,  therefore, 

•  Sir  Benj.  Thompfon's  (now  Count  Romford)  Experiment* 
en  Heat.    Phil.  Tranf.  vol.  IxxvL 

f  The  fudden  and  unexpe&ed  application  of  an  extremely 
cold  fubftance  to  the  human  body,  produces  a  fenfation  very 
imilar  to  that  of  a  hot  one. 

I  Crawford  on  Animal  Heat,  p.  5.  ad  edit 
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from  a  warm  to  a  cold  country,  will  have  fenfations 
very  different  from  thofe  who  trayel  In  an  oppbfite' 
direction,  fhoiild  they  happeri  to  meet,  as  they  fre- 
quently do,  in  a  temperate  climate.  It  is  evident 
that  the  travellers  from  a  cold  climate,  being  de- 
prived of  lefs  heat  than  ufual,  will  have  the  fenfatiori 
of  warmth ;  and  the  others,  on  the  contrary,  will 
experience  a  degree  of  cold  fufficient  to  excite  Con- 
fiderable  uneafinefs. 

jdly.  The  matter  of  ffre  will  exift  in  i  ftate  of 
Combination.  I  do  not  contend  for  the  term  che- 
mical combination,  in  the  ftridt  aftd  literal  fenfe  of 
the  word  j  it  is  fufficient  if  it  can  be  proved,  that 
fire  mdy  exift  ih  bodies  in  a  latent  ftate,  or  in  a 
ftate  not  perceptible  to  our  fehfes.  It  will  be  found 
by  obfervation,  that  every  body  which  eiifts  con- 
tains a  quantity  of  the  matter  of  fife  ih  this  fixed  of 
neutralized  ftate,  difatmed  of  all  its  a&ive,  penetrat- 
ing, and  deftruttitfe  qualities,  like  an  acid  and  an  al- 
kali in  combination.  If  the  coldeft  bodies  with  which 
tve  are  acquainted  are  coridenfed  or  brought  into  4 
fmaller  eompafs,  a  quantity  of  fire  will  be  emitted. 
If  a  piece  of  lead  qt  iron  is  beaten  with  a  hammer* 
or  comprefled  in  a  vice,  fo  as  to  force-it  to  contract 
its  dirfcenfions,  it  has  been  already  remarked  that 
a  degree  o(  fenflble  heat  will  be  produced.  ' 

Fluids,  from  theif  very  nature  and  cortftitution, 
contain  a  greater  quantity  of  fire  in  a  latent  ftate 
than  fblid  bodies :  indeed  it  is  now  univerfally  ad- 
rnitted,  and  may  be  eafily  proved,  that  the  fluidity 
>f  all  bodies  is  altogether  owing  to  die  quantity  eff 

G  a  fir* 
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fire "Vfhich  they  retain  in  this  latent  or  combined 
itate,  the  elafticity  of  which  keeps  their  particles  re- 
mote from  each  other,  and  prevents  their  fixing 
into  a  folid  mafs.  All  bodies,  therefore,  in  pafling 
from  a  fluid  to  a  folid  ftate,  emit  a  quantity  of  fire 
or  heat.  When  water  is  thrown  upon  quick-lime* 
it  is  abforbed  by  the  lime,  and  in  this  ftate  it  is  ca- 
pable of  retailing  a  much  fmaller  quantity  of  fire 
than  in  its  natural  ftate  s  on  the  flacking  of  lime 
-therefore  a  very  intenfe  heat  is  produced,  the  firo 
lyhich  preferved  the  water  fluid  being  difengaged 
End  detached.  If  fpirit  of  vitriol  is  added  to  ftrong 
oil  of  turpentine,  they  will  condenfe  into  a  folid  mafs, 
and  a  great  quantity  of  heat  will  be  fenfibly  emitted. 
If  water  is  expofed  to  freeze,  and  a  thermometer 
applied  to  it,  during  the  a6l  of  freezing,  or  pafling 
frofn  a  fluid  to  a  folid  ftate,  it  will  be  found  feveral 
degrees  .warmer  than  the  air  which  furrounds  it, 
which  is  owing  to  the  heat  or  fire  emitted  by  that 
part  of  the  water  which  is  converted  into  ice.  Thia 
e8e&  is  ftill  more  apparent  from  the  condenfation  of 
the  elaftic  fluids,  which,  from  their  rarity,  contain  ^a 
greater  proportion  of  the  matter  of  fire. 

Upon  the  fame  principle  it  will  be  found,  on  the 
^ther:  hand,  that  when  any  body  paiTes  from  a  folid 
to  a  fluid  ftate,  the  adjacent  bodies  will  be  deprived 
of  a  quantity  of  their  natural  heat.  Thus  if  a 
quantity  of  aqua-fortis  is  poured  upon  folid  ice,  the 
ice  immediately  liquifies,  and  an  aftonifhing  degree 
of  cold  is  inftandy  produced,,  even  by  the  fire- 
fide  :  this  effect  U,  altogether  owing  to  the  quantity 

of 
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of  heat  which  is  abforbed  by  the  congealed  water 
reafluming  its  fluid  .form.  This  experiment  wilft 
ferve  to  explain  the  faft  that  a  thaw  is  generally 
colder  than  the  commencement  of  a  froft.  The 
abforption  of  the  matter  of  fire  is  farther*  exempli- 
fied in  the  inftaftce  of  bodies  pafling  from  the  (late- 
of  a  common  fluid  to  that  of  vapour,  or  an  elaftic 
fluid.  If  a  thermometer  is  immerfed  in  fpirit  of 
wine,  in  water,  or  in  any  fluid  that  eafily  evaporates, 
and  is  afterwards  taken  out  and  fufpended  in  the  'air, 
the  thjermometer  will  fink  two  or  three  degrees, 
though  the  temperature  of  the  air  and  water  fhould 
be  exaftly  the  fame:  the  faft  is,  the  fmall  quantity 
of  fluid  which  remains  on  the  bulb  of  the  thermo-' 
meter  is  carried  off  in  vapour,, and  in  that  cafe  the 
mercury  within  the  thermometer  is  deprived  of  a 
certain  portion  of  its  latent  fire.  If  the  thermo- 
meter is  repeatedly  dipped  in  the  fluid,  the  cold 
which  is  produced  will  be  confiderable.  If  ether, 
which  is  a  very  volatile  fluid,  is  applied  to  any  part 
of  our  bodies,  cold  is  immediately  produced;  an<J 
on  the  fame  principle,  a  man  may  be  frozen  to 
death  in  very  warm  weather,  by  expofing  him  to 
continued  evaporation;  which  may  be  effefted  by 
throwing  repeatedly  upon  his  body  a  quantity  of 
ether,  of  fpirits  of  wine,  or  of  any  other  fluid  which 
is  eafily  evaporable.  It  is  a  common  practice  \r\ 
China  to  cool  wine  or  other  liquors  by  wrapping 
the  bottle  in  a  wet  cloth,  and  hanging  it  up  in  • 
the  fun  i  the  water  in  the  cloth  is  gradually  con* 
Vjwrted  into  vapour,  to  form  which  the  liquor  in 
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the  bottle  is  deprived  of  its  latent  fine.  The  cele* 
brated  Mufchenbroek  was  aftonifhed  at  the  freez- 
ing of  a  wet  cloth  which  was  hung  up  to  dry, 
when  there  was  no  appearance  of  froft  in  the  at- 
mofphcre :  the  folution  of  the  difKcuky  is,  the  tem- 
perature q(  the  air  at  the  time  muft  have  been 
vithin  fome  degrees  pf  frpft,  and  the  temperature 
of  the  clot)i  was  fuddenly  reduced  to  the  freezing 
point  by  the  Jofs  of  a  part  of  its  heat  frqm  evapora- 
tion. 

Let  it  be  remembered,  that  in  all  thefe  inftajices 
there  is  an  evident  acceffion  or  increafe  of  the 
.ipattcr  pf  fire  thrown  into  th?  bodies  which  are 
rendered  fluid,  and  yet  the  temperature  or  obvious 
heat  of  the  fluids  is  not  increafed,  as  rnay  be  proved 
by  the  thermometer ;  wherefore  it  is  plain  that  the 
fire  exifts  in  thefe  fubftances  in  a  latent  or  pombinecj 
ftate. 

4-thly.  The  matter  of  fire  is  elaftic,  as  is  proved 
evidently  from  all  its  efiefts.  There  is  indeed  reafon 
tp  btlieve  that  fire  is  the  only  fluid  in  nature  which 
is  permanently  elaftic;  and  that  it  is  the  c^ufc  of  the 
clafticity  of  all  fluids  which  are  efleemed  fb. 

prom  the  clafticity  of  this  element  it  refults  that 
3II  natural  bodies  c^n  only  retain  a  certain  quantity 
of  it,  without  undergoing  an  alteration  in  their  ftate 
and  form.  Thus  a  moderate  quantity  of  fire  ad- 
mitted into  a  lblid  body  expands  it  -,  a  ft  ill  larger 
quantity  renders  it  fluid }  and  if  the  quantity  is  ftill 
increafed,  it  will  be  converted  into  vapour.  But  thist 
gnd  all  the  other  properties  of  fire,  will  be  better 
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underftood  from  its  effe&s.  Let  it  fuffice  to  remark 
for  the  prefcnt,  that  mod  fluids  may  be  converted 
into  a  (late  of  unufual  rarity,  by  the  acceffion  of  fire. 
Vapour  is  1800  times  lcfs  denfe  than  water;  and 
thofe  matters  which  have  a  ftronger  attra&ion  for 
fire  may  by  th*  fame  means  be  converted  into  fluids 
permanently  elaftic.  The  nitrous  acid  is  wholly 
convertible  into  two  fpecies  o(  air,  oxygca  and 
azote,  or  pure  and  phlogifticated  air;  and  oils, 
refins,  charcoal,  and  oth$r  inflammable  matters, 
will  by  the  application  of  heat  readily  affume  the 
form  of  inflammable  air.  + 
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Experiments  proving  the  expan/vt  Ford  of  Firt9  or  Calorie.— Im« 
flrumekts  for  mtafuring  Degrees  of  Heat.— Thermometers.— Dr* 
Black's  Modi  of  mtafurmg  high  Degrees  of  H$at*-Mr.  Wtdg-  ( 
wood's. 


FI R  E,  a$  was  intimated  in  the  preceding  chap* 
tcr,  expands  all  bodies  which  it  penetrates, 
more  or  lefs,  in  proportion  to  its  quantity,  and  to 
the  nature  of  thofe  bodies.  The  expanfion  of  water, 
pven  previous  to  its  affuming  the  form  of  vapour, 
may  be  fcen  in  an  cafy  experiment.  If  a  quantity 
of  cold  water,  contained  in  a  clear  flafk,  is  immerfed 
in  a  veflel  of  boiling  water ;  as  the  heat  enters,  the 
water  in  the  flafk  will  be  feen  to  rife  in  the  neck 
till  it  overflows. 

An  iron  rod  a  foot  long  being  heated  red  hot,  be- 
p$me  ^th  longer  than  before  $  and  a  glafs  cylin* 
der,  a  fathom  long,  pnder  the  fame  circumftances. 
gained  TV  th  in  length.  A  metalline  ring  thus  heated 
was  increafed  T|^-  in  its  diameter:  and  a  glai$ 
globe  became  extended  -^  part  by  the  heat  of  the 
hand  only  applied  to  its  furface  *. 

•  Bocrhaave- 8  Chan,  ty  Shaw,  Vol.  J/  p.  *pg. 
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It  is  a  well-known  practice  to  imffierfe  razors,  or 
any  inftruments  which  aje  required  to  cut  fmooth, 
in  warm  water ;  as  the  whole  of  the  metal  expands, 
the  edge  is  alfo  proportionally  expanded,  and  con* 
fcquently  is  rendered  fo  much  finer  and  fmoother. 

An  inftrument  was  invented  by  Mr.  Jones;  for 
meafuring  the  force  of  expanfion,  which  by  the 
flame  of  a  farthing  candle  was  able  to  lift  a  weight' 
of  five  hundred  pounds,  without  any  afliftance  from 
the  mechanical  powers;  and  he  (hews  that  the  fame 
infignificant  power,  namely,  the  flame  of  a  imall 
candle,  would  by  the  force  of  expanfion  overcome 
a  weight  even  of  five  thoufand  pounds,  could  an 
inftrument  be  conveniently  fitted  up  for  the  experi-  v 
ment  *.  Indeed,  when  we  confider  that  the  force  of 
cohefion  in  metals  is  fo  immenfe  as  to  enable  a  gold 
wire  of  one-tenth  of  an  inch  diameter  to  fupport  five 
hundred  pounds  weight,  and  an  iron  wire  of  the  fame 
dimensions  to  fupport  one  thoufand  five  hundred 
pounds,  without  producing  any  reparation  of  the 
parts  j  what  muft  be  the  force  of  fire,  which  can 
relax  and  even  diflblve  the  texture  of  the  firmeft 

metals  f? 

It  is  a  fa&  univerfally  known,  that  clocks  and 
time-pieces  in  general  go  flower  in  warm  weather,, 
find  fafter  in  cold;  this  effett.  is  owing  entirely  » 
the  expanfion  of  the  pendulum,  which  Joeing 
lengthened  by  the  acceffion  of  heat  or  fire  in  warm 
weather,  makes  a  longer  vibration,  and  confe- 
quently  lofes  a  proportionate  quantity  of  time  5  on 

•  Jouea'3  Phyf.  Difq.  p.  99, 100.  f  lb.  p.  98, 
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the  contrary,  the  length  of  the  pendulum  being 
contracted  by  cold,  the  vibrations  wiH  be  propor^ 
tionably  quicker,  though  the  quantity  of  time  gain- 
ed or  loft  in  a  Angle  vibration  may  be  exceedingly 
trifling ;  yet  as  the  vibrations  are  very  often  repeat- 
ed, the  effeft  will  in  a  courfe  of  time  be  very  con- 
flderable.  An  alteration  of  one  hundred  thou- 
fandth  part  in  the'  time  of  a  fingle  vibration,  will 
amount  to  nearly  that  of  a  whole  vibration  in  the 
pourfe  of  a  day  *.  , 

The  cafes  are  fo  numerous  in  philoibphy  and 
the  arts,  when  it  is  defirable  to  be  informed  of  the 
quantity  of  heat  which  exifts  in  bodies,  that  it  foon 
became  an  objedt  of  the  utmoft  importance,  to  dis- 
cover an  accurate  method  for  afcertaining  it.  Tke 
expanfive  property  of  fire  was  the  property  which 
mod  naturally  fuggefted  itfelf  as  likely  to  furnifh 
an  eafy  method  of  accomplifhing  this  objeft,  fince 
the  evidence  of  our  fenfes  affure  us  that,  at  leaft  in 
ail  lower  degrees  of  temperature,  the  expanfion  of 
bodies  bears  fome  degree  of  proportion  to  the 
quantity  of  the  matter  of  fire  which  they  have  im- 
bibed. 

•  Air,  as  was  intimated  in  a  preceding  chapter, 
was  the  firft  fluid  which  was  employed  as  a  meafure 
eff  heat  and  cold.  A  fmall  tube  was  prepared,  open 
at  the  top,  into  which  a  quantity  of  coloured  liquor 
tf  as  introduced;  a  quantity  of  air  was  left  in  the  lower 
part  of  the  tube,  below  the  liquor,  and  in  propof-» 

*  Jones's  Phyf.  Difqt  p.  98. 
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tion  as  .this  air  expanded  or  contracted,  the  heat  of 
the  fur  rounding  medium  was  fuppofed  to  be  in- 
creafed  or  diminilhcd.  The  manifeft  inconve- 
nience attending  this  instrument  was,  that  as  the 
upper  orifice  of  the  tube  was  neceflarily  left  open, 
it  was  liable  to  be  affe£ted  by  two  caufes,  by  the* 
natural  heat  of  the  medium,  and  by  the  weight  of 
the  atmofphere  prefling  upon  the  liquor  in  the  upper 
part  of  the  tube. 

The  next  fluid  that  was  made  ufe  of  was  fpirit 
of  wine,  and  this,  being  inclofed  in  a  tube  which 
was  exhaufted  of  air,  afforded  an  inftrument  much 
rpore  perfect  than  the  former.  The  principal  ob- 
jection to  this  fpecies  of  thermometer  is,  that  (pi- 
nt of  wine  is  incapable  of  enduring  any  great  de- 
gree either  of  heat  or  cold,  fince  it  boils  in  vacuo  at 
fifty-two  degrees.  This  thermometer  is  diftinguiihed 
by  the  name  of  the  Florentine  thermometer,  •  as  it 
was  invented  by  fome  of  the  members  of  that  aca- 
demy. It  was  afterwards  gready  improved  by  the 
celebrated  M.  Reaumur,  who  proportioned  the  ex- 
panfibllity  of  the  liquor  to  the  fi?e  of  his  tube,  by 
diluting  it  with  water,  or  the  contrary ;  the  generality 
therefore  of  thermometers  made  with  fpirits  of  wine 
arc  termed  Reaumur's  thermometers, 
.  Oil  was  employed  by  Sir  Jfaac  Newton  inftead  of 
fpirit  of  wine,  as  being  capable  of  a  greater  degree 
of  expanfion,  fince  that  fluid  will  bear  about  four 
times  the  heat  of  boiling  water  before  it  boils*  and  in 
general  a  very  great  degree  of  cold  is  required  to 
H}&ke  it  freeze.    The  principal  pbje^ion  to  New- 
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ton's  thermometer  afifes  from  the  vifcidity  of  the 
oil,  which  occafions  it  to  adhere  to  the  fides  of  the 
vefiet,  fo  that  a  confiderable  quantity  of  the  fluid 
being  retained  by  the  glafs,  when  the  thermometer 
fifties  it  appears  to  fink  lower  at  firft  than  it  ought 
to  do,  according  to  the  natural  temperature. 

Thefe  thermometers,  therefore,  were  all  of 
tfcem  fuperfeded  by  the  famous  invention  of  Olaus 
Roemur,  improved  by  Farenheit,  who  fubftituted 
rtercury  inftead  of  the  other  fluids.  Mercury  is 
found  to  be  a  more  homogeneous  body  than  any 
ether  fluid,  and  more  regular  in  its  expanfions,-  be- 
fides  that  it  is  capable  of  exhibiting  a  more  copious 
fcale  of  both  heat  and  cold. 

Sir  I faac  Newton,  obferving  that  water  uniformly 
fitozc  with  a  certain  degree  of  cold,  and  as  uniformly 
boiled  when  the  heat  was  increafed  to  a  certain  de- 
gree, took  what  is  called  the  freezing  point  for  the 
commencement  of  his  fcale,  and  from  that  to  the 
boiling  point  he  counted  thirty-four  degrees,  and  di- 
vided his  feale  accordingly.  It  is  evident,  however, 
that  even  in  this  climate  we  have  many  degrees  of 
cbld  below  the  freezing  point.  Reaumur,  therefore, 
though  he  commenced  his  fcale  alfo  at  the  freezing' 
point,  yet  admits  of  ft  veral  degrees  below  it,  and  pro- 
ceeds both  ways  from  o ;  the  boiling  point  in  his  fcale 
j*  at  8o°  above  o.  The  feale  of  Farenheit  begins 
c'owfiderably  below  the  freezing  point,  at  that  period 
of  cold  which  is  produced  by  furrounding  the  bulb 
of  the  thermometer  with  a*  mixture  of  fncwr  or* 
potoftded  ice  and  fal  afnrttoftiae  or  fea-fak :  he  di- 
f        *  vide* 
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vided  his  fcale  into  minuter  portions  than  cither 
Newton  or  Reaumur,  on  which  account  it  is  well 
known  that  the  boiling  point  in  Farenheit's  thermo- 
meter is  at  a  1 20.  Sir  Ifaac  Newton's  thermometer 
is,  I  believe,  now  quite  obfolece :  Reaumur's  is  ftill 
ufed  by  many  of  the  French,  and  other  experimen- 
talifts.  The  degree  of  heat,  however,  when  noted 
on  either  of  thefe  inftruments,  may  cafily  bfe  com- 
puted, by  remembering  th#34°  of  Newton's  anfwer 
to  80  of  Reaumyr,  and  to  an  of  Farenheit;  and 
that  the  freezing  point,  which  is  the  commencement 
of  both  the  other  fcales,  is  in  Farenbeit'^  at  31* 
^bove  o. 

The  graduating  a  mercurial,  or  Farenheit's  ther- 
mometer, cannot,  from  what  has  been  obferved,  be 
a  difficult  tafk.  The  mercury  muft  be  carefully 
purged  from  air,  as  that,  being  a  more  elaftic  fluid, 
would  create  fome  irregularity  in  the  expanfions  pf 
the  metal,  or  would  collect  in  the  upper  part  of  the 
tube,  which  ought  to  be  the  moft  perfeft  vacuum 
that  can  be  formed.  It  is  well  known  that  what  is 
called  the  Torricellian  *  vacuum  is  formed  by  filling 
a  glafs  tube  with  mercury,  and  then  inverting  the 
tube  in  a  veflel  of  the  fame  fluid,  and  withdrawing 
it  flowly  till  the  mercury  fubfides,  by  which  means 
all  that  part  of  the  tube  which  is  above  the  mercury 
will  be  free  from  air  j  on  withdrawing  die  tube  out 
of  the  mercury,it  is  obvious  that  the  orifice  muft&e 
flopped  with  the  finger  or  fome  other  ftopper,  to 

prevent  the  air  from  rulhing  in.     When  by  thefe 

» 

•  From  Torricclli,  the  inventor. 
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mearis  a  quantity  of  mercury  is  included  rn  a  glafi 
tube  with  a  frtiall  bulb,  the  glafs  may  be  eafily 
clofed  by  applying  ail  ignited  charcoal  and  a  blow- 
pipe, fuch  as  the  jcwellefs  makeufe  of,  which  melt* 
the  glafs,  and  enables  us  td  twift  it  round,  in  fuch  a 
manner  as  Completely  to  clofe  it  agairtft  the  admif- 
fion  of  air ;  and  this  operation  is  called  htrmeticaUj 
fealing  it  **  In  order  to  graduate  the  thermometer^ 
it  muft  be  firft  immerfed  in  a  mixture  of  pounded 
ice  or  fnow  and  fal  ammoniac,  and  the  point  at 
which  the  mercury  fettles  riuift  be  marked  as  did 
commencement  of  the  (bale,  or  o.  It  i*  next  to  be 
immerfed  in  boiling  water,  and  that  point  is  to 
be  marked  aift%  and  the  intermediate  part  of  the 
thermometer  muft  be  divided  into  this  number  of 
degrees* 

Thermometers  with  fmall  bulbs,  and  propor- 
tionable cylinders,  are  moft  ufeful,  fince  a  large  vo- 
lume of  mercury  requires  a  considerable  time  to 
heat  and  cool.  It  is  alfo  accounted  a  favourable 
circumftance  when  that  part  of  the  bulb  which  is 
adjoining  to  the  tube  is  rather  of  a  conical  form. 

That  the  thermometer  is  a  true  meafure  of  heat, 
is  proved  by  fome  very  fatisfadtory  experiments: 
If  equal  quantities  of  hot  and  cold  water  are  mixed 
together,  the  heat  of  the  mixture  will  be  nearly  as 

•  It  is  eafy  to  prove  whether  the  tube  is  a  perfect  vacuum 
*r  sot,  after  it  is  hermetically  fealed,  by  merely  inverting  it,  and 
obferving  whether  any  bubble  of  air  remains  to  refill  the  mer-» 
cury's  falling  to  the  bottom  of  the  tube. 

'       *  0*9 
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the  mean  heat  of  the  two  component  parts  *,.  This 
faft  was  afcertained  by  a  ftill  more  accurate  experi-  * 
ment  of  Dr.  Crawford,  who  contrived  a  method  of 
combining  the  boiling  and  freezing  points  together, 
and  found  that  the  degree  of  heat  communicated  to 
the  thermometer  was  as  nearly  as  pofflble  the  arithT 
metical  mean  f. 

It  is  evident,  from  the  nature  of  expanfion,  that 
thermometers  might  be  conftru&ed  of  folid  bodies* 
Metallic  thermometers  have  indeed  occasionally  been 
made,  and  graduated  for  different  purpofes^  but 
their  utility  is  neceflarily  very  limited,  fince  folid 
bodies  are  expanded  with  much  more  difficulty,  and 
in  a  left  degree,  than  fluids. 

Though  .the  mercurial  thermometer  is  fo  much 
more  perfedt,  and  is  capable  of  exhibiting  much 
higher  degrees  of  heat  than  thofe  which  had  been 
in  ufe  before  the  time  of  Farenheit ;  yet  as  mer- 
cury boils  at  6oo°,  that  is,  confiderably  below  the 
red  heat  of  iron,  and  as  it  is  plain  that  no  fluid  can 
afford  any  true  meafure  of  heat  beyond  that  point 
in  which  it  is  itfelf  converted  into  vapour,  it  is  " 
equally  plain,  that  there  muft  exift  feveral  degrees 
of  heat  which  cannot  poffibly  be  exhibited  by  the 
mercurial  thermometer.     Thefe  degrees  are  \try 

•  This  experiment  was  originally  made  by  Dr.  Brook  Tay- 
lor. It  was  afterwards  repeated  by  M.  de  Luc,  and  by  Dr. 
Crawford ;  who,  from  the  impoffibility  of  conducing  the  expe- 
riment without  lofs  of  time,  found  the  heat  of  the  mixture  always 
below  the  arithmetical  mean. 

Crawford  on  Heat,  p.  1 8,  ttfeq.  zd  edit, 

t  lb.  47,  48.  • 
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inaccurately  defined  by  the  chemifts  and  artifts,  ac- 
cording to  the  appearance,  terming  them  a  red  and 
white  heat,  &c.  To  remedy  the  inconveniences 
re fu king  from  die  want  of  a  definite  ftandard  of 
heat  above  the  point  of  boiling  mercury,  leveral 
methods  have  been  propofed,  but  there  3re  only  two 
which  I  efteem  worthy  of  notice. 

A  very  eminent  philofopher,  who  may  be  termed 
the  father  of  the  modern  do&rines  concerning  heat, 
jpropofes,  in  order  to  aicertain  the  heat  of  any  given 
furnace,  for  inftance,  to  heat  fome  body  (thetiimen- 
fions  of  which  may  be  eafily  taken)  in  that  furnace, 
and  when  heated  to  plunge  it  into  a  quantity  of  cold 
water,  and  multiply  the  degree  of  heat  by  the  pro- 
portion which  the. bulk  of  the  water  bears  to  that 
of  the  body  heated.  Thus,  if  a  piece  of  iron  is 
taken  red  hot,  and  thrown  into  a  quantity  of  water 
1 00  times  its  bulk,  when  the  heat  which  was  con- 
centrated in  the  iron  is  diffufed  through  the  whole 
quantity  of  water,  it  is  evident  that  the  temperature 
of  the  water  thus  heated,  multiplied  by  100,  will 
give  the  heat  of  the  iron  when  red  hot. 

Another  mode  of  afcertainlng  high  degrees  of 
heat  has  been  propofed  by  the  late  Mr.  Wedgwood, 
who  by  means  of  a  diftinguifhing  property  in  argil- 
laceous bodies,  namely,  that  of  contrafting  when 
expofed  to  fire,  was  enabled  to  conftrudt  a  new 
thermometer  for  this  purpofe.  The  fenfible  con* 
traftion  of  earthen-ware  commences  at  a  low  red 
heat,  and  proceeds  regularly  till  the  clay  becomes 
vitrified*     Mr#  Wedgwood's  thermometer,  there-  . 

fore, 
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fore,  confifts  of  a  fmall  portion  of  this  clay,  properly 
baked,  and  fo  nicely  adapted  to  a  brafs  gage,  that 
the  clay  is  permitted  to  Aide  along  the  gage  in  pro- 
portion as  it  is  contrafted  by  the  fire.  He  divided 
his  fcale,  from  the  degree  of  heat  at  which  the  clay 
begins  to  contraft,  to  the  greateft  degree  of  heat  he 
was  able  to  produce,  into  1 6o\  By  this  inftrument 
he  found,  that  copper  melted  at  27°$  filver  at  28°i 
gold  at  3  20;  caft  iron  at  1300. 
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Chap.  IV. 

OF      FLUIDITY. 

Calorie  equally  the  Cau/e  of  Expanjion  and  Fluidity.— Pbcnmnena 
of  Bodies  paj/ing  from  a  folid  to  a  fluid  State,  and  the  contrary* 
—Intenfe  Cold  of  the  Southern  Hemijphere  explained.— Diftimc- 
tion  between  Expanfion  and  Fluidity.— Experiments  iUuftratrve 
of  the  DoSrine  of  latent  Heat. 

IT  was  intimated  that  all  bodies  are  capable  of 
containing  only  a  limited  quantity  of  fire,  with- 
out undergoing  an  alteration  in  their  external  form ; 
the  fame  caufe  which  produces  expanfion,  being  in- 
creafed  to  a  certain  degree,  produces  a  total  diflb- 
lution  of  the  parts  of  bodies,  and  reduces  them  to  a 
fluid  ftate  ;  and  a  further  increafe  of  the  fame  power 
renders  them  volatile,  or  caufes  them  to  be  carried 
off  in  the  form  of  an  elaftic  fluid,  fuch  as  air  or  va- 

'  pour. 

After  what  has  been  formerly  ftated,  it  will  be  no 
difficult  matter  to  conceive  the  caufe  of  all  thefe 
eflfe&s  to  be  the  fame.  The  fubtilc  matter  of  fire, 
which  appears  to  be  the  only  fubftance  in  nature 
which  is  permanently  elaftic,  or  between  whole  par- 

#  tides  a  natural  repulfion  exifts,  infinuaqng  itfelf  be- 
tween the  particles  of  bodies,  deftroys  or  rather 
counteradts  the  natural  power  of  attraftion  or  co- 
hesion, which  impels  the  particles  of  bodies  to 
tt  approach 
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approach  as  nearly  in  contaft  to  each  other  as  poffi- 
ble.  When  a  body  is  reduced  from  a  folid  to  a 
fluid  ftate,  a  quantity  of  heat  or  fire  is  abforbed  from 
fome  of  the  furrounding  media.  The  nature  of 
fluids  would  therefore  be,  pcrH&ps,  not  improperly 
defcribed,  by  fuppofing  them  to  confift  of  the  very 
minute  particles  of  the  bodies  from  which  they  are 
produced  kept  floating  in  a  quantity  of  fire.  To 
underftand  how  fire  may  exift  in  this  combined  ftate, 
without  exhibiting  any  of  its  deftru&ive  properties, 
let  it  be  remembered,  that  fire,  like  every  other 
body,  can  be  only  aftive  while  .in  adifengaged  ftate. 
Fire  cannot  excite  in  our  organs  the  fenfation  of 
heat,  unlefs  it  penetrates  thofe  organs ;  if  therefore 
it  is  retained  by  another  body  by  the  force  of  a  fit- 
perior  attraction,  it  is  evident  it  cannot  affeft  our 
organs  as  it  would  if  in  a  ftate  to  be  attra&cd  by 
them.  In  the  fame  manner  the  mineral  acids  (aqua- 
fortis for  inftance)  in  a  difengaged  ftate  aft  with 
violence  on  almoft  every  fubftance,  and  corrode  or 
ulcerate  our  flefti,  when  brought  in  contadt  with 
them  1  but  if  united  with  a  body  which  poflefics  a 
ftronger  attraction  for  them  (fuch  as  an  alkali)  they 
will  not  leave  that  body  to  aft  upon  any  other, 
but  are  perfectly  difarmed  of  all  their  noxious  qua* 
lities :  thus  the  fefe  and  innocent  compound  fait* 
petre  is  formed  from  two  violently  aAive  and  cor* 
rofive  fubftances,  a  cauftic  alkali,  and  the  nitrous 
acid,  or  aqua-fords;  and  common  fait  from  the 
fame  alkali,  and  the  muriatic  acid. 

Ha  Everf 
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Every  body  in  paffing  from  a  folid  to  a  fluid  ftate, 
or  from  that  of  a  common  to  a  rarer  or  elaftic  fluid, 
abforbs  a  quantity  of  caloric  or  Are,  and  cortfequently 
a  degree  of  cold  is  always  produced  by  the  pr ocefc ; 
and  on  the  contrary,  every  body  in  paffing  from  a 
fluid  to  a  folid  ftatc,  or  from  that  of  a  rarer  to  that 
of  a  denfer  fluid,  emits  a  quantity  of  that" fire  which 
kept  it  in  a  ftate  of  fluidity ;  and  by  this  procefs,  on 
the  other  hand,  a  proportionable  degree  of  fenfible 
heat  is  produced. 

A  number  of  phenomena,  which  were  before  un- 
explained, are  now  clearly  illuftrated  by  this  theory. 
What  is  called  the  freezing  mixture,  it  is  well 
known  confifts  of  a  quantity  of  pounded  ice  or  fnow 
with  aqua-fortis,  or  any  faline  fubftancc.  The  ini- 
menfe  cold  which  is  fuddenly  produced  by  this  pro- 
cefs, is  owing  entirely  to  the  fudden  liquefaction  of 
the  ice,  in  which  cafe  all  the  adjacent  bodies  muft  fup- 
ply  a  quantity  of  caloric  or  fire,  which  is  abforbed  by 
the  melting  ice,  and  retained  by  the  fluid  in  a  latent 
ftate,  or  ftate  of  combination.  Cold  is  produced 
by  evaporation,  on  the  fame  principle,  the  quantity 
of  elementary  fire  which  is  attracted  by  a  fluid 
when  paffing  into  a  rarer  ftate,  and  which  is  re- 
quired to  form  atmofpheres  of  fire  round  the  parti- 
cles of  the  body,  fo  as  to  keep  them  fufpended  in 
the  fluid  form,  is  necefiarily  fupplicd  from  the  fur- 
rounding  Bodies,  and  muft  be  attended  with  a  de- 
gree of  cold. 

The  fouthern  hemifphere  is  remarkably  colder 
thanithat  of  the  north,  and  even  in  the  midft  of 

fummer 
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fummer  an  exceffive  degree  of  cold  has  been  (bund 
io  the  regions  which  lie  near  the  antarctic  circle. 
To  account  for  thefe  phenomena,  we  muft  proba- 
bly have  recouHc  to  two  .caufes.  As  there  is  a 
greater  extent  of  water  in  that  hemilphere,  the  eva- 
poration is  confidently  greater  than  in  that  of  $e 
north ;  and  as  the  fouthern  ocean  abounds  with  a 
multitude  of  immenfe  ice  iflands,  the  continual 
melting  of  the  ice  abfqrbs  the  matter  of  fire  from 
all  the  circumjacent  atmofphere;  and  in  faft  we 
are  informed  by  mariners,  that  the  cold  is  confix 
derably  increafed  by  the  approach  of  one  of  thefe 
floating  mountains  of-  ice.  Partly  for  the  fame 
reafon  a  thaw  is  obferved  to  be  much  colder  than  a . 
fettled  froft ;  though  it  is  alfo  to  be  remembered, 
that  the  atmofphere  is  always  rather  inclined  to 
damp  in  a  thaw,  and  a  damp  air  is  a  much  more 
powerful  conductor  of  heat  than  a  dry  one. 

On  the  contrary,  when  a  fluid  body  pafies  into  a 
folid  ftate,  a  quantity  of  fire  is  necefiarily  extricated* 
The  heat  produced  by  flacking  lime  has  fometimes 
been  fo  great  as  to  fire  wood ;  in  this  cafe  it  has  already 
been  ihewn,  that  the  component  particles  of  the 
water  being  abforbed  by  the  lime,  the  fire  which  held • 
it  in  fiifion  is  expelled.  A  mixture  of  the  cflential 
oils  with  fpirit  of  vitriol  produces  the  fame  effeft ; 
the  mixture  forms  itfelf  into  a  folid  mafs,  and  the  • 
fire  which  the  fluids  contained  is  fuddenly  extri- 
cated. A  quantity  of  water  will  often  continue 
fluid  at  fome  degrees  below  the  freezing  point,  but 
by  agitating   the   water  it   forms    fuddenly    into 

H  3  ice, 
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ice,  and  the  fire  which  the  fluid  contained  being 
fet  free,  the  thermometer  will  rife  fome  degrees. 
The  air  i$  often  obferved  to  be  peculiarly  mild  dur- 
ing a  fall  of  fnow ;  the  t eafon  is,  that  the  caloric  which 
die  water  of  the  fnow  contained  is  difcharged  by  its 
faffing  into  a  folid  ftate,  and  fenfible  heat  is  pro- 
duced. The  union  of  a  cauftic  alkali,  which  con* 
tains  no  fixed  air,  with  an  acid,  excites  great  heat,  in 
the  fame  manner  as  when  water  is  thrown  upon 
quick-lime ;  but  if  the  alkali  is  mild,  that  is,  if  it 
contains  a  quantity  of  fixed  air,  that  fubftancc  going 
off  in  an  aerial  form  abforbs  the  matter  of  fire, 
which  it  carries  off  with  it,  and  no  heat  is  ge- 
nerated *. 

It  was  ftated,  that  expanfion  and  fluidity  are  pro- 
duced by  the  fame  caufe :  there  is,  however,  this 
difference  in  the  efFe£ts,  that  in  expanfion  there  is 
a  regular  increafe  or  extenfion  of  bulk,  according 
to  the  degree  of  heat ;  whereas  the  tranfkion  from 
a  fluid  to  a  folid  ftate,  or  the  contrary,  is  fudden ; 
and  below  or  above  a  particular  point  of  tempera- 
ture, a  body  always  remains  fluid  or  folid.  There 
are,  it  is  true,  fome  bodifs  which  appear  in  an  in- 
termediate ftate  of  fluidity,  fuch  as  wax,  tallow,  &c. ; 
yet  even  in  thefe  the  point  at  which  they  become 
fluid  is  a  fettled  point,  though  the  different  ftages 
of  foftnefs  depend  upon  {he  degrees  of  heat. 

In  expanfion  alfo  the  fenfible  heat  is  increafed  in 
proportion  to  the  effeA ;  but  it  is  different  in  flui- 

•  SeeDj:.  Higgins's  excellent  Experiments  and  Ottfenrations, 
p.  3*9-  .     - 
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dity;  for  when  bodies  are  arrived  at  the  melting 
point,  or  point  of  fluidity,  a  large  quantity  of  ele- 
mentary fire  is  abforbed,  without  producing  any 
fenfible  heat,  or  altering  the  temperature  of  the  body. 
This  abforption  of  the  matter  of  fire  frequently  con- 
tinues a  confiderable  time,  according  to  the  fupply 
from  the  adjacent  bodies.  Thus,  when  a  thaw 
comes  on,  the  heat  is  often  far  above  the  freezing 
points  and  though  the  ice  melts  (lowly,  it  is  conftantly 
furrounded  by  air  warmer  than  itfelf,  and  conftantly 
imbibing  the  matter  of  fire  from  it.  On  the  other 
hand,  if  a  quantity  of  boiling  water  is  thrown  upon 
ice,  it  will  immediately  melt ;  which  proves  that 
there  is  no  difficulty  in  feparating  the  particles  of 
ice,  if  a  fufficient  quantity  of  heat  is  fupplied :  but 
the  reafon  of  thefe  fa&s  will  be  rendered  clearer  by 
the  following  experiments. 

If  a  pound  of  water  at  32°  is  mixed  with  an 
equal  quantity  of  that  fluid  at  17  2%  the  tempera- 
ture of  the  mixture  will  be  ioa%  which  is  the  arith- 
metical mean  between  the  heat  of  the  two  fluids ; 
but  if  a  pound  of  ice  at  3 1°  is  mixed  with  a  poi/nd 
of  water  at  17  2°,  the  temperature  of  the  mixture 
will  be  3  a0.  Hence  it  appears,  that  in  the  melting 
of  the  ice  one  hundred  and  forty  degrees  of  heat 
(that  is,  fuch  a  quantity  of  elementary  fire  as  is  ne- 
cefiary  to  produce  that  heat)  are  abforbed,  or  re- 
duced to  a  ftate  of  combination,  fo  as  not  to  pro* 
duce  any  efltdk  on  the  thermometer  *• 

*  Crawford  pn  Animal  Heat,  p.  72* 
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The  heat  which  the  water  abforbs  in  afliiming 
its  fluid  form  is  again  feparated .  by  congelation*. 
If  a  pound  of  water  at  3  2°  is  mixed  with  an  equal 
quantity  of  ice  at  4%  nearly  one- fifth  of  the  water 
will  be  frozen,  and  the  temperature  of  the  mixture 
will  be  32°.  In  this  experiment  the  ice  is  railed 
from  40  to  the  freezing  point.  It  is  therefore  evi- 
dent, in  this  experiment,  that  by  the  congelation  of 
one-fifth  of  the  water  a  quantity  of  fire  is  emitted 
fufficient  to  raife  the  heat  of  the  ice  nearly  twenty- 
eight  degrees;  by 'the  congelation  therefore  of  a 
.whole  pound  of  water,  a  quantity  of  heat  would  be 
detached  fufficient  to  raife  it  five  times  twenty-eight 
degrees.  The  caloric  which  is  extricated  by  the  con- 
gelation of  the  water  is  therefore  precifely  equal  to 
that  which  is  abforbed  by  the  melting  of  ice*. 

There  were  difputes,  in  the  time  of  Farenheit, 
concerning  the  rarefaction  of  ice,  whether  it  de- 
pended on  the  air  contained  in  it  during  its  fluidity. 
He  imagined,  that  if  he  extradted  the  air  from  wa- 
ter, he  could  produce  an  ice  heavier  than  water. 
He  extra&ed  the  air  therefore  from  fmall  glafs 
globes  filled  with  water.  After  expofing  them  to 
an  intenfe  cold,  they  were  a  long  time  in  freezing, 
though  cooled  greatly  below  the  freezing  point ; 
but  upon  breaking  them  to  examine  them,  the  air 
ruftied  in,  which,  from  the  fudden  (hpek,  occafioned 
the  water  inftandy  to  freeze.  He  afterwards  found, 
that  fimple  agitation  would  produce  the  fame  effect. 

?  Crawford  on  Animal  Heat,  p,  72. 
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If  water  which  is  freed  from  air,  and  which  is  per- 
fectly at  reft,  is  expofed  to  the  atmofphere  when  it 
is  colder  than  3  20,  it  will  frequently  fink  eight  or 
ten  degrees  below  the- freezing  point,  without  un- 
dergoing any  degree  of  congelation;  but  if  the 
veflel  is  (lightly  agitated,  a  portion  of  it  will  imme- 
diately become  folid,  and  the  mixture  of  ice  and 
water  will  be  raifed  to  320.  The  reafon  of  this 
increafe  of  temperature  in  the  remaining  water  will 
be  evident  from  the  preceding  experiments.  By 
the  freezing  of  a  part  of  the  water,  a  quantity  of 
elementary  fire,  which  exifted  in  the  fluid,  is  ex- 
pelled, by  its  affuming  a  folid  form ;  and  this  fire, 
being  diffufed  among  the  remaining  water,  raifes  its 
temperature  to  the  freezing  point. 

Different  degrees  of  heat  are  required  to  retain 
different  bodies  in  a  fluid  form.  Water,  mercury, 
and  fome  other  fubftances,  are  kept  fluid  by  a  de- 
gree of  heat  confiderably  below  the  ordinary  heat 
of  the  atmofphefe  j  and  fo  great  is  the  degree  of 
cold  which  the  latter  endures,  that,  before  the  ex- 
periments of  Profeflbr  Braun,  of  Peteriburgh,  it 
was  not  fuppofed  that  it  was  capable  of  being 
frozen* 


C  u  At. 
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Chap.  V. 

OF    BOILING,  VAPOUR,  &c. 

tlafiic  Thuds  difiinguijhed from  common  Fluids.— Specific  Grmx'ty 
ofFapows—Iu  what  Manner  Dr.  Black  was  led  to  form  his 
Theory  of  latent  Heat.—Immenfe  Force  ef  Vapour.— Moiling.— 
All  Fluids  boil  in  a  lefs  Temperature  in  Vacuo%  than  under  the 
Preffure  of  the  Atmojphere* — Experiments.— Phenomena  of  Boil- 
ing and  Evaporation  explained.— Why  Water  extinguijbes  Flame. 
—Spontaneous  Evaporation.— Phenomena  of  Dews >  Mifts,  lie. 

IF  the  matter  of  fire  is  accumulated  to  a  certain 
degree,  the  fubftance  which  is  expofed  to  its 
aftion  will  be  converted  from  the  ftate  of  a  com- 
mon fluid  to  that  of  an  elaftic  or  compreffible  fluid, 
generally  tranfparent,  and  extremely  rare  and  light. 

Vapour  or  (team,  which  is  water  converted  into 
an  elaftic  fluid,  is  of  a  fpecific  gravity  one  thou- 
land  eight  hundred  times  lighter  than  water; 
that  is,  a  given  portion  of  water  will,  in  an  elaftic 
form,  occupy  one  thoufand  eight  hundred  times 
the  fpace  it  did  before.  The  procefs  of  pafling 
from  the  ftate  of  a  common  fluid  to  that  of 
vapour,  is  called  boiling ;  and  the  degree  of  heat  at 
which  a  fluid  begins  to  boil  is  called  the  boiling 
point,  which,  in  water,  is  fixed  on  Farenheit's  fcale 
at  an0. 

When 
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When  a  fluid  arrives  at  the  boiling  point,  and 
pafles  from  its  ordinary  ftate  to  that  of  vapour,  the 
feme  effeft  takes  place  as  in  the  converfion  of  folid 
bodies  into  fluids,  a  quantity  of  caloric  or  elemen- 
tary fire  is  abforbed  without  any  increafe  of  tempe- 
rature ;  and  when  an  elaftic  fluid  is  condenled,  the 
fame  fire  is  conftantly  emitted,  and  fcnfible  heat  is 
confequently  produced.  If  we  obferve  the  heating 
of  water,  we  fhall  find  that  the  heat  flows  into  it 
very  faft>  till  it  arrives  at  the  boiling  or  vaporific 
point.  Suppofe  that  in  the  laft  five  minutes  its  heat 
is  increafed  io°,  in  the  next  five  we  fliould  cxpeft 
that  it  would  at  lead  be  fix  or  feven  more ;  but  this 
is  not  in  reality  the  cafe,  for  though  very  little  of 
the  water  is  evaporated,  yet  the  remainder  is  not 
fenfibly  hotter.  In  order  to  prove  the  time  necef- 
fery  to  convert  a  quantity  of  water  into  vapour, 
a  number  of  flat7bottomed  cylindrical  veflels  of 
iron  were  conftru&ed,  into  which  a  quantity  of 
water  was  put,  at  the  temperature  of  540.  The 
water  was  heated  to  the  boiling  point  in  four 
minutes,  but  it  was  not  evaporated  in  lefs  than 
twenty.  Thus  it  is  evident  that  the  water  had  ac- 
quired 15 8°  of  heat  in  the  fpace  of  four  minutes; 
and  confequently,  as  the  heat  of  the  fire  continued 
the  lame,  it  required  five  times  15  8°  of  heat  to  con- 
vert it  into  vapour.  This  immenfe  accefiion  of 
fire  is,  however,  neither  fenfible  in  the  water  nor  in 
the  vapour,  for  if  a  thermometer  is  applied  to  the 
(team,  it  will  not  be  found  hotter  than  the  boiling 
water,  it  is  therefore  really  abforbed  by  the  fluid, 

which 
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which  is  converted  into  vapour,  and  is  retained  in 
the  latter  in  a  combined  date.  When  the  vapour 
is  condenfed  in  the  refrigeratory  of  a  ftill,  the  latent 
or  combined  fire  is  once  more  rendered  fenflble,  for 
the  refrigeratory  is  heated  much  higher  than  the 
fenfible  heat  of  the  vapour,  as  the  heat,  if  accumu- 
lated, would  raife  the  thermometer  to  more  than 
8oo°. 

We  are  informed  by  Dr.  Crawford,  that  Dr. 
Black,  who  is  certainly  the  author  of  the  prefent 
theory  of  heat  and  fluidity, c  was  firft  led  to  the  dif- 
covery  of  the  ablbrption  of  heat  by  aqueous  vapour, 
in  confequence  of  an  unexpected  appearance  which 
occurred  in  an  experiment  made  with  water  at  a 
higji  temperature.  A  quantity  of  that  fluid  having 
been  raifed  in  Papin's  digefter  *  to  a  temperature 
many  degrees  above  the  boiling  point  f>  was  dif- 
fered to  communicate  with  the  external  air,  by 
opening  a  flop-cock,  upon  which  a  part  of  it  was 
inftandy  converted  into  vapour,  and  the  water  at  the 
fame  ipoment  funk  to  2 1 2  £•'  As  it  appeared  how- 
ever that  only  a  veiy  fmall  quantity  of  the  water  had 
been  carried  off  by  this  fudden  evaporation,  it  was 
naturally  concluded  that  the  whole  of  the  fuper- 
fluous  fire  which  the  water  had  previoufly  imbibed 
was  abforbed  by  that  part  which  afTumed  the  form 
of  vapour. 

•  Papin's  digefter  is   an  iron  veflel,  made  particularly 
ftrong. 

f  I  have  been  told  to  \tz, 

%  Crawford  on  Animal  Qeat,  p.  77. 
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The  faft  is  accounted  as  eftablifhed  by  the  fame 
philofopher  from  the  following  experiment.  If 
eight  pounds  of  the  filings  of  iron  at  212  are  mixed 
with  a  pound  of  water  at  32,  the  temperature  of 
the  mixture  will  be  nearly  122;  the  iron  will  be 
cooled  90  degrees,  and  the  water  heated  90.  But 
if  eight  pounds  of  iron  filings  at  300  are  mixed 
with  a  pound  of  water  at  the  boiling  point,  die 
temperature  of  the  mixture  will  continue  at  212, 
and  a  part  of  the  water  will  be  fuddenly  carried  off 
in  vapour,  which  vapour  itfelf  will  be  found  to  re- 
tain the  fame  temperature  of  2 1 2.  In  this  experi- 
ment the  temperature  of  the  iron  is  lowered  88  de- 
grees, without  any  apparent  acceflion  of  heat  to  the 
water;  the  fair  conclufion  is  therefore  that  the  fupcr- 
fluous  fire  is  abforbed  and  carried  off  by  the  va- 
pour *• 

Vapour  is  an  elaftic  fluid,  that  is,  it  admits  of 
being  compreffed  within  a  compafs  proportioned  to 
the  force  which  comprefles  it.  Its  force  in  refitting 
compreffion,  when  it  is  accumulated  to  a-  certain  de- 
gree, is  however  greater  than  that  of  gunpowder,  or 
of  any  power  with  which  we  are  acquainted.  Steam 
is  therefore  one  of  the  moft  potent  and  moft  dangerous 
agents  in  nature.  A  fmall  quantity  of  water  throwa. 
upon  boiling  oil,  or  introduced  among  metals  while  in 
fufion,  produces  the  moft  formidable  effects.  The  wa- 
ter finks  towards  the  bottom  in  the  oil,  where  being 
converted  into  vapour,  by  the  force  of  its  lexpanfioo 

•  Crawford  on  Animal  Heat,  p.  78. 
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it  caufcs  a  moft  violent  ebullition  and  explofion, 
and  throws  the  heated  fluid  about  with  incredible 
velocity.  Hence  in  calling  iron  or  copper  veflels, 
if  the  fmalleft  particle  of  hurpidity  is  contained  in 
the  mold,  or  if  the  metal  meets  with  any  liquid  in 
its  paffage  from  the  furnace  to  the  mold,  it  will  be 
exploded  with  the  utmoft  hazard  to  the  workmen 
from  the  burning  metal.  We  have  an  inftantre  re- 
corded in  the  Philofbphical  Tranfa&ions,  of  the 
burfting  of  one  of  Pepin's  digefters  containing  a  pint 
of  water,  which  demonftrates  the  amazing  expanfive 
force  of  vapour.  The'  report  on  the  burfting  of 
the  veflel  was  heard  at  a  confutable  diitance  by  a 
maid  fervaUt  who  was  milking  thfe  cows  in  an  ad- 
jacent field,  and  the  (ervants  within  faid  it  fhook  die 
houfe;  the  veflel  flew  in  a  dirett  line  acrofs  the 
room,  and  (hivered  an  inch  plank  of  oak  in  pieces : 
what  is  moft  extraorclinary,  no  traces  of  water  were 
to  be  found  in  any  part  of  the  room ;  the  fire  was 
however  completely  extinguished  *. 

The  force  of  the  common  fteam-enginc  is  well 
known  f ;  and  an  inftance  recorded  by  Mr.  Jones  in 
Phyfio logical  Dilquifitions,  ferves  well  to  mark 

its 


•  Phil.  Tr.  Abr.  vol.  viii.  p.  465. 

f  In  thefe  machines,  the  fleam  is  conveyed  into  a  large  cylinder 
or  barrel  of  iron,  in  which  a  very  heavy  pifton  of  the  fame  metal 
is  railed :  when  the  pifton  is  to  fall,  the  fleam  is  faddenly  made  to 
cpUapfe  by  the  injection  of  fome  cold  water,  which  immediately 
condenfes  it,  and  makes  a  vacuum,  fo  that  the  pifton  is  forced 
down  again  by  the  preflore  of  the  aunofphert.  By  thefe  alter- 
nate 
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its  eflfedts.  c  A  workman,  who  with  fome  others 
was  employed  to  repair  a  fire-engine  at  Chelfea,  in* 
formed  me,  that  as  they  were  biffy  about  it  in  work- 
ing it  to  underftand  the  defeat,  the  barrel,  which 
was  of  great  capacity,  and  too  much  worn  with  long 
ufe,  burft  on  a  fudden,  and  a  cloud  of  (team  raft- 
ing out  at  the  fra&ure  ftruck  one  of  the  workmen 
who  was  ftanding  by,  and  killed  him  in  a  moment 
like  a  blaft  of  lightning.  His  fellows  ran  up  as  foon 
?s  they  could  to  give  him  affiftance,  but  when  they 
endeavoured  to  take  off  his  cloaths,  the  flefli  came 
away  from  the  bones  along  with  them/ 

Though  all  fluids  are  rehdered  elaftic  by  fire,  yet 
the  .quantity  of  fire  neceffary  to  raife  them  to  a  ftate 
of  vapour  depends  upon  different  circumftances. 
The  very  nature  of  an  elaftic  fluid  renders  it  parti* 
cularly  liable  to  be  affe&ed  by  the  weight  which  is 
incumbent  upon  it.  All  fluids  therefore  boil  with 
a  much  lefe  degree  of  heat  in  vacuo,  than  under  die 
ordinary  prefiure  of  the  atmofphere.  Thus  water 
moderately  heated,  and  placed  in  the  receiver  of  an 
air-pump,  may  be  made  to  boil  by  withdrawing  a 
part  of  the  air  by  which  it  is  comprefied ;  and  it 
will  be  obferved  to  ceafe  as  foon  as  the  air  is  re* 

nate  riilngs  and  fallings  of  the  pifton,  feveral  of  which  are  per- 
formed in  the  fpace  of  a  minute,  the  machine  alts  on  the  work 
of  a  forcing  pump,  by  which  the  water  is  raifed,  and  difcharged 
at  the  proper  place.  This  machine,  confidering  the  vaft  force 
of  it,  is  one  of  the  fiinpleft  in  the  world;  bat,  like  the  digeftef* 
may  become  extremely  dangerous  if  the  fire  by  any  accident 
Ihottld  get  die  power  over  it. 

turned, 
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turned,  and  the  preflure  reftored  *.  In  the  moft 
perfect  vacuum  thtf  we  arc  able  to  procure  water 
boils  at  90,  and  fpirit  of  wine  at  52,  that  is  at  122 
below  the  boiling  point  under  the  common  preflure 
of  the  atmolphere. 

A  pleafing  experiment  is  related  by  that  elegant 
and  ingenious  philofopher,  the  prefent  Bifliop  of 
Landaff,  which  is  illuftrative  of  the  nature  of  boil- 
ing in  general,  and  particularly  of  what  has  been  juft 
advanced.  With  an  intention  of  exhibiting  a  (hiking 
inftance  of  the  increafe  of  dimenfions  produced  by 
heat  in  fluids,  he  took  a  glafs  veflel,  not  unlike 
a  thermometer  in  form ;  the  bulb  contained  above 
a  gallon,  the  (tern  had  a  fmall  diameter,  anci  was 
about  two  feet  in  length.  This  veflel  be  filled  with 
boiling  water  to  the  very  top  of  the  Item,  and 
corked  it  clofe  with  a  common  cork.  .  The  water 
and  the  cork  were  at  firft  contiguous,  but  as  the 
water  cooled  it  contra&ed,  and  funk  vifibly  in  the 
ftem ;  and  thus  the  firft  intention  of  the  experiment 
Was  aniwered.  But  here  an  unexpefted*  phenome- 
non prefented  itfelf.  The  water,  though  it  was  re- 
moved from  the  fire,  though  it  was  growing  cold, 
and  had  for  fome  time  entirely  ceafed  from  boiling, 
began  to  boil  very  violently.  When  a  hot  iron  was 
applied  to  that  part  of  the  ftem,  through  which  the 
water  in  contracting  itfelf  had  defcended,  the  ebulli- 
tion prefently  ceafed  j  it  was  renewed  when  the  iron 
was  removed  *  and  it  became  more  than  ordinarily 

•  Higgins'*  Experiments  and  Obfervations,  p.  313. 

violent, 
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Violent,  when  by  the  application  of  a  cloth  dipped 
in  cold  water  that  part  was  cooled.  To  account 
for  thefe  appearances,  it  is  only  neceflary  to  recolleft 
that  by  the  (inking  of  the  water  in  the  item  a  kind 
of  vacuum  is  left  between  its  furface  and  the  cork ; 
the  water  therefore  neceflarily  boils  with  a  lower 
degree  o&heat  than  it  would,  under  the  preffure  of 
the  atmofphere.  The  fpace  between  the  cork  and 
the  water  is  not  however  a  perfeft  vacuum;  it  is 
occupied  either  by  the  vapour  of  the  water,  or  by  a 
fmall  portion  of  air,  or  by  both,  He#  increafes  the 
elafticity  both  of  air  and  vapour,  and  thus  augments 
the  preffure  upon  the  furface  of  the  water,  hence  the 
ebullition  ceafes  upon  the  application  of  the  hot 
iron.  Coldx  on  the  contrary,  diminifhes  the  elafc 
ticity  of  the  air,  and  condenfes  vapour  \  and  thus 
the  preflure  upon  the  furface  being  leffened  by  the 
application  of  a  cold  cloth,  the  ebullition  of  the 
water  became  more  violent.  The  heat  of  the  water 
wheh  it  ceafed  boiling  was  1 300  *. 

An  experiment  of  another  diftinguifhed  philofo- 
pher  affords  perhaps  a  better  illustration  of  the 
whole  theory  which  has  been  juft  advanced.  This 
gentleman  placed  a  quantity  of  vitriolic  ether  under 
the  receiver  of  an  air-pump,  which  was  fo  contrived 
that  he  was  able  to  let  down  a  thermometer  at  plea* 
fure,  without  adtnitting  the  external  air.  He  no 
fooner  began  to  extraft  the  air,  than  the  ettyer  was 
thrown  into  a  violent  ebullition,  at  the  fame  time 

•  Chcm.  Eflays,  vol.  ill.  p.  162. 
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its  temperature  funk  fiirprizingly.    When  the  ether 
was  firft  put  in,  its  temperature  was  about  58%  bat 
it  became  fo  cold  when  boiling,  that  a  quantity  of 
water  in  a  veflel  contiguous  to  it  was  fuddenly 
frozen.     The  manner  in  which  thefe  phenomena 
may  be  explained  is  this : — The  weight  of  the  at- 
mofphere  being  removed,  the  heat  which  the  ether 
contained  was  fufficient  to  make  it  boil.     The  ele- 
mentary fire  which  the  ether  loft  in  boiling  was  dif- 
pofed  of  in  forming  a  vapour  more  fubtile  than,  the 
ether  itielf ;  which  could  not,  confiftently  with  the 
principles  eftabliihed,  be  fanned  without  the  ab- 
•  lbrption  of  a  confiderable  quantity  of  the  matter  of 
fire.     Now  as  it  appears  that  water  and  fpirit  of 
wine  boil  in  vacuo  at  iaa°  below  their  ordinary 
boiling  point,  it  is  natural  that  ether,  which  boils 
in  the  open  air  at  about  the  heat  of -the.  human 
blood,  fhould  boil  in  vacuo  at  24°  below  o,  a  de- 
gree jof  cold  fufficient  to  freeze  aijy  water  that 
might   happen  to  be  in  contaft  with  the  veflel 
twhich  contains  the  ether. 

As  the  weight  of  the  atmofphere  varies  ibmc 
degrees  at  different  times,  it  is  evident*  from  thefe 
remarks,  that  the  boiling  point  of,  fluids  will  alfo 
occafionally  vary,  Boerhaave  fuppoles,  that  ac- 
cording to  the  changes  of  the  atmolphere,  a* 
marked  by  thfc  barometer,  the  heat  of  boiling  water 
may   vary  occafionally  eight  or  nine  degrees  *  5 

•  Boerliaave  Chem.  quoted  by  Watfon.   Chem.  Eff.  voL  iii. 
p.  157. 
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and  we  find  the  opinion  confirmed  by  the  accuf ate 
experiments  of  M*  de  jLuc  and  Sir -George  Shuck- 
burg,  in  the  courfe  of  which  the  boiling  point  was 
fometimes  lower  than  205%  and  fomctimes  higher 
than  ft  1 30  *. 

Some  of  the  phenomena  of  evaporation  and 
boiling,  not  hitherto  noticed*  will  receive  a  fatisfac- 
tory  explanation  from  this  theory.— 1  ft,  If  a  fingle 
drop  of  water  is  heated  to  the  vapourific  point,  it  is 
immediately  converted  .  into  V-apour  j  but  if  the 
quantity  is  more  eonfiderabie,  die  phenomenon  will 
he  varied :  for,  if  a  quantity  of  water  is  thrown  into 
an  iron  veflel  heated  very  Aot,  it  will  feem  to  run 

•  This  will  be  better  underilood  by  exhibiting  Mr.  Cavallo's 
table  of  the  refult  of  each  experiment. 


Height 

of  tht 

Barometer* 

Heat  of  boiling  Water, 

according  to              .  - 

M«  de  Luc* 

1 

Sir  G.-6hwcW>wg. 

p 

Parts  of  a 

Parts  ef  « 

. 

Deg.  deg. 

Peg.  deg. 

26 

205,17 

204,91 

z6i 

206,07 

20$,8Z 

27 

206,96 

.    .    206,73 

27f 

207,84 

207,63 

28 

2O&V69 

208,25 

*H 

209,55       , 

■      209,41 

*9~ 

210,38 

210,28 

*9i  . 

210,02 

211,15 

*° 

212 

.    212 

3°i 

212.79    '; 

221,85 

3« 

**3>57     '  - 

213^9 

Water  boiling  hot  cools  in  fix  hoore  in  the  ordinary  heat  of 
the  atmofphere. 
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about  the  veflel  like  quickfilver,  but  without  touch- 
ing the  bottom  or  fides  of  the  veflel.  The  reaibn 
is,  that  the  water  neareft  the  bottom  and  fides  is 
converted  into  vapour,  which  prevents  the  fluid 
from  coming  in  contadt  with  the  iron ;  and  this  is 
the  reafon  alfo  that  a  red-hot  piece  of  iron  dropped 
into  water  continues  for  fbme  little  time  in  the  fame 
red-hot  (late,  the  water  neareft  the  iron  being  fud- 
dcnly  converted  into  an  elaftic  vapour,  which  repels 
or  keeps  off  the  reft  of  the  fluid.  \ 

2dly,  The  bubbling  and  hiding  of  boiling  fluids, 
or  of  fluids  upon  the  point  of  boiling,  was  unac- 

:  counted  for  till  Dr.  Black's  theory  elucidated  the 
point.  In  the  common  mode  of  boiling  water  it  is 
plain,  that  the  bottom  of  the  fluid  arrives  at  the  va- 
pourific  point  of  heat  before  the  furfacc ;  a  quan- 
tity therefore  of  the  fluid  which  is  neareft  the  bot- 
tom of  the  veflel  is  converted  into  vapour,  which 
forcing  its  way  thmugh  the  fuperincumbent  me- 
dium occaflons  that  violent  ebullion  which  always 
takes  place  when  a  .fluid  is  heated  to  its  vapourifit 
point,  T  he  hifling  t>f  kettles  and  other  veflels,  pre- 
vious to  their  arriving  at  the  boiling  point,  is  per- 
haps to  be  accounted  for  from  thefc  vapourific 
bubbles  in  their  afc^at  meeting  with  the  cold  wa- 
ter, and  difchargingj  their  fire,  which  condenfes  the 
vapotir  before  }v  arjrives  ar  the  furface,  and  occa- 
fionsjthe  feeble  ibunijl  which  has  been  juft  mentioned, 
without  any  corifideraMe  agitation  of  thr' fluid,  or 

.  epnijffion  of  fteam. 
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3dly,  Tbc  reafon  why  faater,  either  hot  or  cold, 
immediately  extinguishes  flame,  will  eafify  be  un- 
derftood  frojn  what  has  been  premifed.  When  * 
quantity  of  water  is  thrown  upon  an  ignited  body, 
it  is  immediately  converted  into  vapour,  and  this 
procefs  fuddenly  deprives  the  burning  body  of  as 
much  elementary  fire  as  the  vapour  is  naturally  dif- 
pofed  to  abforb.  If  therefore  the  water  is  applied  in 
fufficient  quantity,  the  whole  of  the  fire  will  be  im- 
bibed by  the  evaporation,  and  the  body  will  be  left 
totally  deftitute  of  heat.  For  the  fame  reafon  it  is 
evident,  that  water  will  prevent  the  meltihg  of  me- 
tals, or  of  any  fubftances  which  require  a  degree  of 
heat  fuperior  to  the  boiling  point,  to  render  them 
fluid :  for  the  water,  being  in  contact  with  the  other 
fubftance,  will  not  permit  its  temperature  to  in- 
creafe,  and  all  the  fuperfluous  fire  which  would  heat 
it  above  the  boiling  point,  if  the  water  was  not  there, 
is  carried  off  by  the  evaporation  of  that  fluid  *. 

The 

*  t  Perhaps  it  may  not  be  quite  unacceptable  to  the  reader 
to  notice  in  this  place  the  vulgar  paradox  :  "  That  when  water 
is  boiling  in  a  veffel,  the  bottom  is  cool ;  but  the  moment  it 
ceafes  to  boil,  the  bottom  becomes  hotter."  The  whole  of  the 
paradox  appears  to  be  founded  on  an  error  of  the  fenfe.  When 
.  a  perfon  applies  his  finger  to  the  yeflel,  though  he  applies  it 
for  a  confiderable  time,  it  is  not  heated  more  than  he  can  en* 
dure,  for  the  blood  in  the  courfe  of  i;s  circulation  lofes  fome  of 
its  heat  before  it  arrives  at  the  extremities ;  and  till  the  blood 
in  the  extremities  is  heated  to  the  fame  degree  with  that  of  the 
heart  we  feel  no  pain  from  burning ;  but  as  foon  as  this  is  ef- 
fected, the  leaft  degree  of  heat  becomes  painful.  When  the 
finger  is  firft  applied  to  the  bottom  of  the  yeiTel  after  it  is  taken 

J  3  *ff 
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The  general  procefs  which  bodies  not  highly  in- 
flammable undergo  when  fubje&ed  to  the  adion  of 
fire,  is  firft  to  be  reduced  to  a  fluid  ftate,  and  then 
to  a  ftate  of  vapqyr.  There  are,  however,'  fome 
bodies  which  are  converted  into  vapour  without  at 
all  afluming  the  fluid  form,  fuch  as  camphor,  fal 
ammoniac,  arfenic,  &c.  Thefe,  when  expofed  to 
fire,  fly  off  in  vapour,  without  being  melted ;  which 
vapour,  on  condenfation,  becomes  a  folid  mafs 
again,  Thefe  fubftances  may  therefore  be  laid  to 
have  their  vapourific  point  below  that  of  their 
fluidity  y  and  the  reafon  of  this  appears  to  be,  that 
their  particles  have  a  ftronger  attraftion  for  the 
matter  of  fire  than  for  each  other.  In  fadt,  we  find 
that  thefe  fubftances  may  be  reduced  to  a  fluid 
form  by  confining  them  in  clofc  veffels,  where  they 
may  be  forced  to  endure  a  greater  degree  of  heat 
than  under  the  preffure  of  the  atmofphere.  Cam- 
phor at  lead  has  in  this  manner  been  rendered 
fluid;  and  there  is  no  reafon  why  fal  ammoniac, 
and  all  the  volatile  alkalies,  might  not  be  reduced 
to  the  fame  ftate ;  but  from  the  great  elafticity  of 
the  vapour,  the  procefs  has  not  been  completed  for 
fear  of  burfting  the  veflels. 

There  are  fome  bodies  which  have  never  hi- 
therto been  reduced  to  a  ftate  of  vapour.    Thofe 

•         •       * 

off  the  fire,  the  heat  is  endured  for  thefe  reafons.  When  the 
boiling  ccafes,  it  is  natural  to  take  the  fame  finger  (for  having 
dirtied  one,  people  feldom  chufe  to  take  another)  and  that  fin* 
ger,  being  already  heated  almofl  as  much  as  it  could  bear,  now 
gnds  the  heat  at  the  bottom  of  the  veffel  exquifuely  painful. 

I  earthy 
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earthy  fubftances  tfhich  have  been  rendered  fluid, 
have  never,  by  any  degree  of  heat,  been  rendered 
volatile,  and  there  are  fome  earths  which  have  never 
been  even  brought  into  fufion.  Some  of  the  me- 
tals, particularly  gold  and  filver,  were  thought  for- 
merly to  be  abfolutely  fixed.  Mr.  Boyle  eiepofed 
a  fmatl  quantity  of  each  for  two  .months  to  the  heat 
of  a  glafs-houfe  furnace,  and  at  the  end  of  that  time 
he  found  them  not  altered ;  they  have  fince,  how- 
ever, been  compelled  to  emit  very  fenfible  vapours 
by  the  more  intcnfe  heat  of  a  burning-glafs ;  and  as 
the  diamond  itfelf  ha?  been  fubje&ed  to  evapora- 
tion, it  is  not  improbable  that  by  a  fufficient  quan- 
tity of  heat  every  other  mineral  fubftance  might  be 
fufed  and  volatilized. 

The  vapour  of  water,  and  moft  other  fluids,  re- 
quiring a  degree  of  heat  above  that  of  the  atmo- 
fphere  to  kesp  it  in  a  volatile  ftate,  is  eafily  de- 
prived of  its  fuperfluoys  fire  j  and  its  particles  being 
no  longer  kept  afunder  by  a  fuperior  force,  yield  to 
the  ordinary  impulfe  of  attra&ion,  and  are  qon- 
denfed  into  the  ftate  of  a  common  fluid.  There 
are,  however,  permanently  elaflic  fluids,  which  are 
maintained  in  their  elaftic  ftate  by  the  ordinary  heat 
of  this  earth ;  and  thefe  by  analogy  we  may  con^ 
elude  are  compofed  of  particles  which  have  a 
weak  attra&ion  for .  each  other,  and  are  therefore 
preferved  in  this  rare  and  volatile  ftate  by  a  mode- 
rate portion  of  the  matter  of  fire  interpofed  be- 
tween them :  of  this  kind  is  the  air  we  breathe,  and 

I  4  fome 
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forme  other  fluids,  of  which  I  Ihall  prcfently  have 
occafion  to  treat  *. 

It  would  be  improper  to  difmifr  this  fubjed, 
without  offering  a  few  remarks  on  that  fpecies  of 
evaporation  which  is  termed  fpontaneous,  as  I  ap- 
prehend it  not  tQ  be  eflentially  different  from  that 
of  which  we  have  been  treating.  It  is  evident  that 
a  quantity  of  humidity  is  continually  and  infenfibly 
emitted  by  every  body  which  contains  any  principle 
of  moifture.  If  a  glafs  of  cold  water,  or  any  cold 
body,  fuch  as  fmooth  marble,  is  expofed  in  a  room 
when  many  people  are  aflembled,  its  outfide  will  be 
covered  with  dew;  the  walls  of  churches  and  other 
buildings  which  have  not  cpnftant  fires  are  covered 
with  moifture  in  the  fame  manner,  ^nd  this  moifture 
in  both  cafes  is  produced  by  the  cold  body  (the 
glafs  of  water,  the  marble,  or  the  wall)  condenfing 
the  vapour  with  which  the  air  is  charged  from  the 
breath  and  pcrfpiration  of  the  company.  Similar  to 
this  is  the  dew  on  the  infide  of  windows,  which  \t\ 
cold  weather  is  frequently  frozen,  and  aflumes  the 
form$  of  leaves,  of  trees,  and  of  the  jnoft  JacautifuJ 
moffes. 

Water  cannot  be  expofed  in  open  veflels  with- 
out fuffering  a  diminution  of  its  bulk,  and  indeed 
in  courfe  pf  time  the  whole  will  be  exhaled*  The 
vapour  however,  which  is  thps  formed  is  not  fufE- 
ciently  elaftjc  to  produce  any  of  the  common  effeft$ 

•  As  the  ordinary  heat  of  our  atmofphere  is  fufficient  to  keep 
water  and  fome  other  fubilances  fluid ;  fo  it  ferves  to  keep  thefe 
bodies  in  a  volatile  Rate. 

of 
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of  vapour;  for  water  will  remain  in  bottles  corked 
up  without  forcing  the  corks ;  the  vapour  ftagnating 
oyer  the  furface  of  the  water,  prevents  a  frefh  quan- 
tity from  riling:  indeed  the  mere  force  of  gravita- 
tion would  in  general  be  fufficient  to  counteract  tha 
force  of  this  fpontaneous  evaporation,  was  it  not 
that  the  wind  carries  off  the  quantity  which  is  ex- 
haled, which  would  otherwife  be  fufpended  and  ftag- 
nate  over  the  fluid.  This  vapour,  it  is  to  be  ob- 
served, proceeds  always  from  the  furface  of  bodies  j 
and  the  greater  the  extent  of  furface,  the  more  co- 
pious the  exhalation:  it  is  obferved,  therefore,  to 
rife  more  copioufly  from  a  graffy  plain,  from  the 
pores  of  a  fpunge,  or  from  loofe  earth,  than  from 
any  tingle  furface *  and  it  is  always  more  or  lefs  in 
quantity,  according  to  the  temperature  of  the  atmo- 
sphere. 

The  quantity  of  vapour  which  is  railed  in  this 
manner  from  the  earth,  has  been  eftimated  by  a  very 
fimple  yet  apparently  accurate  experiment  of  the 
Bilfcop  of  Llandaff.  Having  provided  a  large  drink- 
ing glafs,  the  area  of  the  mouth  of  which  was  twenty 
fquare  inches,  he  placed  it  with  its  mouth  downwards 
on  a  grafs  plat  which  was  mown  clofe.  The  fun 
(hone  bright  and  hot,  and  there  had  been  no  rain  for 
Upwards  of  a  month.  When  the  glafs  had  flood  on 
the  grafs  plat  one  quarter  of  an  hour,  and  had  col- 
lected a  quantity  of  condenfed  vapour,  he  wiped  its 
iafide  with  a  piece  of  muflin,  the  weight  of  which 
he  had  previously  afcertained,  and  as  foon  as  the 
glafs  was  wiped  dry  the  mqflin  was  weighed.    The 

medium 
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medium  incrcafe  of  weight  from  various  experi- 
ment^ between  twelve  and  three  o'clock,  was  fix 
grains  in  one  quarter  of  an  hour  from  twenty  fquare 
inches  of  earth.  At  this  rate  of  evaporation,  it  is 
eaiy  to  fee  that,  computing  at  feven  thoufand  grains 
troy  to  one  pint  of  water,  and  eight  pints  to  a  gal- 
lon, not;  lefs  than  one  thoufand  fix  hundred  gallons 
of  water  would  be  raifed  from  one  acre  of  ground  in 
twenty-four  hours.  It  may  well  be  fuppofed  that 
the  quantity  will  be  ftill  greater  when  the  ground 
has  been  drenched  with  rain.  In  order  to  prove 
this,  the  fame  judicious  philofopher  made  two  other 
experiments,  one  of  them  the  day  after  the  ground 
had  been  wetted  by  a  thunder-ihower  -,  and  to  ascer- 
tain the  circumftanccs  more  cxadUy,  he  took  the 
heat  of  the  earth  by  a  thermometer  laid  on  the 
grafs,  which  in  the  firft  experiment  was  96*,  when 
the  evaporation  was  at  the  rate  of  one  thousand 
nine  hundred  and  feventy-three  gallons  from  an 
acre  in  twelve  hours.  The  other  experiment  was 
made  when  there  had  been  no  rain  for  a  week,  and 
when  the  heat  of  the  earth  was  no°:  this  experi- 
ment gave  after  the  rate  of  two  thoufand  eight  hun- 
dred gallons  from  an  acre  in  twelve  hours -,  the  earth 
was  hotter  than  the  air,  being  expofed  to  the  re* 
flexion  of  the  fun's  rays  from  a  brick  wall  *. 

It  is  the  vapour  which  is  exhaled  in  this  manner 
from  the  earth  which  forms  thofe  mifts  fo  com- 
ponly  obferved  in  maj-fhy  grounds.     If  a  hole  is 

•  Watfon's  Chem.  Eflays,  vol.  iii-  EC  2. 

broken 
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broken  in  icc>  we  may  obferve  a  mift  fife  from  it j 
the  water  being  wanner  than  the  air,  emits  a  vapour, 
which  the  cold  condenfes  and  renders  vifible.  It 
is  the  fame  vapour  which,  when  condenfed  by  the 
cold  of  the  night,  forrrA  the  dew  which  is  obferved 
in  fmall  globules,  like  pearls,  upon  the  leaves  of 
plants*.  When  the  weather  has  been  intensely 
cold,  if  a  thaw  fuddenly  comes  on,  the  walls  of 
houfes  are  all  covered  with  dew  5  for  thefe  thawing 
winds,  coming  fro/n  a  hotter  part  of  the  world* 
bring  with  them  a  quantity  of  vapour,  which  is 
condenfed  by  the  cold  fubftanccs,  wben  it  comes 
into  a  more  northern  climate* 

■ 

*  This  beautiful  appearance  has  not  efcaped  the  poets;  the. 
Hebrew  poets  in  particular  have  made  the  beft  advantage  of 
the  beauties  of  nature.  The  following  is  Buchanan's  paraphrafc 
tf*  part  of  die  cxxxiii  Pfalnu 

"  Ut  aura  fuavis  balfami,  quum  funditur 

Aaronis  in  facrum  caput, 
Et  imbre  laeto  proluens  barbam  &  finus 

Limbum  perexrat  aureum: 
Ut  ros,  tenella  gemmulis  argentiis 

Pingens  Sionis  gr amino. ; 
jAut  verna  dulci  inebrians  uligine 

Hermonis  intonfi  juga." 

(Sweet  as  the  od'rous  baliam  pour'd 

On  Aaron's  facred  head; 
Which  o'er  his  beard  and  down  Us  bit  aft 

A  breathing  fragrance  flied. 
As  morning  dew  on  Sion's  mount 

Beams  forth  zfihar  ray\  ' 

Qxftudt  <witb  gems  the  verdant  pomp 

That  Hermon's  tops  difplay. 
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Various  theories  have  been  propofed  to  account 
for  the  afcent  of  vapour*  One  of  the  moft  plaufible 
is  that  which  attributes  it  to  the  attraction  of  the 
air  \  but  this  theory  is  in  a  great  meafure  deftroyed, 
by  the  confideration  that  vapour  will  afcend  in 
vacuo.  The  eledtric  fire  has  alfo  been  called  in 
to  account  for  this  phenomenon  ;  but  if  the  ele&ric 
fire  is  no  other  than  common  fire,  or  fome  particu- 
lar modification  of  it,  there  is  no  reafon  to  believe 
that  the  fpontaneous  evaporation  depends  upon  any 
other  principle  than  that  which  has  been  already 
ftated  as  the^caufe  of  the  formation  of  common  va- 
pour from  boiling  water. 

The  faft  appears  to  be,  that  there  exifts  fuch  an 
attraftion  between  the  particles  of  fire  and  thofe  of 
water,  that  whenever  a  portion  of  the  former  in  a 
diftrngaged  ftate  meets  with  any  of  the  latter,  they 
immediately  unite.     Hence,  when  water  is  heated 
beyond  the  temperature  of  the  atmofphere,  it  na- 
turally yields  up  a  quantity  of  its  fuperfluous  fire  to 
reftore  the  equilibrium,  and  this  fire  always  carries 
with  it  a  quantity  of  the  fluid  medium  in  the  form 
of  vapour.    When  {hefe  vapours  firft.afcend>  they 
are  in  an  invifible  ftate  j  and  they  muft  be  in  fomc 
degree  condenfed  to  enable  them  to  reflect  the  folar 
rays,  fo  as  to  become  vifible.   Thijs  frequently  takes 
place  when  they  reach  the  higher  and  colder  regions 
of  the  atmofphere,  or  if  they  happen  to  meet  with 
cold  winds  in  their  progrefs  thither:  they  then  ap- 
pear to  us  in  the  form  of  clouds.     A  ftill  greater 
degree  of  condenfation  renders  them  too  heavy  to 
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be  fupported  by  the.atmofphere,  and  they*  falbdown 
in  the  form  of  rain,  fnow1,  or  hail,  according  te>  the 
circumftances  of  their  diflblution.      . :  * 

Agreeable  to  this  theory  is  the  common  obferra- 
tion,.that  in  very  cold  weather  vapour  becomes  vi- 
fible  almoft  as  foon  as  it  is  formed ;  thus  in  froft 
the  breath,  which  is  vapour  from  the  lungs,  is  al- 
ways vifible.  M.  de  Maupertuis  faw  in  Lapland  the 
warm  vapour  of  a  room  converted  into  fnow  upon 
opening  the  door  to  the  external  air;  and  in  a 
crowded  affembly  at  Peterfburgh,  the  company  fuf- 
fering  from  the  clofenefs  of  the  room,  a  gentleman 
broke  a  window  for  relief  5  the  confequence  of 
which  was,  that  the  cold  air  rufhing  in,  caufed  a 
vifible  circumagitation  of  a  white  lhowy  fub- 
ftance  *• 

Agreeably  alfo  to  the  fame  principles  it  is  evident 
that  air  is  a  fluid  which  has  a  ftronger  attra&ion  for 
the  matter  of  fire  than  water,  but  that  by  means  of 
this  infenfible  evaporation  the  interfaces  of  the  air, 
if  iTnay  foexprefe  myfelf,  are  filled  with  a  quantity 
of  vapour,  which  being  extremely  rare,  and  being 
equally  diffufed,  is  invifible  to  us.  I£  however,  a 
ftream  of  cold  air  is  introduced  from  any  quarter, 
the  caloric,  which  is  united  with  the  water  in  the 
form  of  vapour,  will  flow  into  the  cold  air  to  re- 
(lore  the  equilibrium,  and  the  vapour  will  be  con- 
denfed.     The  condenfafion  will  fometimes  be  only 

•  Edin.  Phil.  Tr.  Vol.  I.  p.  4*. 
««  Like  words  eongeal'd  in  northern  air.** 
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Sufficient  to  produce  the  appearance  of  clouds,  but 
4tt  fome  times  it  will  be  fufficicnt  to  caufe  rain,  which 
will  fall  in  greater  or  lefler  quantities,  in  proportion 
to  the  quantity  of  moifture  in  the  atmofphcre,  and 
the  degree  of  cold  in  the  condenfing  medium. 
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OF    IGNITION    AND    COMBUSTION.  * 

•Ignition,  twbat ;  bow  produced.— Burning  of  Phofphorus.— 'In- 
flammable Air  .—Culinary  Fires.— Lamps,  &c.—fVhy  Flame 
afcends.— Theory  of  Argantfs  Lamp.—Btft  Form  of  Grates, 
Stoves,  13 c .— -Combuftion  produced  by  fome  Subftances  'without  a 
Communication  with  the  AttM>fphere.<—Gun-poeivder,&c*<—Iron 
made  to  hum  like  a  Candle .—Spontaneous  Ignition.— Curious 
F aft s.— Quantity  of  Heat  excited  in  f*fing  different  Bodies.—  - 
Scale  of  Heat* 

1-G  N I T  TO  N  is  that  ftate  of  bodies  in  which 
the  matter  of  fire  or  caloric  is  rendered  adlive, 
.and  obvious  to  the  fight,  by  the  emiflion  of  light; 
in  other  words,  when  both  light  and 'heat  are  at 
once  emitted  by  any  body,  it  is  faid  to  be  ignited. 
Ignition  does  not  imply  cornbuftion,  as  the  latter 
indicates  a  change  or  diflblution  of  texture  in  the 
inflammable  body ;  whereas  fome  of  the  metajs,  and 
:many  of  the  earths,  may  be  ignited  without  being 
confumed.T— But  this  is  a  fubjedt  which  it  will  be 
neeefiary  to  treat  more  at  large  when  I  come  tp 
•{peak  of  inflammable  fubftances. 

In  all  cafes  of  ignition  or  inflammation  the  matter 
of  fire  is  detached  from  fome  body  in  which  it  pr-e- 
vbufly  exifted  in  a  latent  ftate.  The  fubftanGe 
with  which  fire  is  njoft  copioufly  combined,  and 

*  from 
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from  Vhich  it  is  mod  edlily  detached,  is  air. 
If  therefore  any  fubftance  can  be  found  in  nature 
which  has  a  greater  attra&ion  for  the  bafe  of  air 
than  that  has  for  the  matter  of  fire,  the  union  of 
thefe  two  fubftance^  will  detach  a  quantity  of  \he 
fire  which  had  exifted  in  a  latent  or  combined 
(late;  and  ignition,  and  combuftion,  will  be  pro* 
duced.  Of  this  nature  is  the  matter  of  phofphd- 
rus,  and  that  very  common  or  almoft  univerfel 
fubftance,  which  is  diftinguifhed  by  the  name  of 
hydrogen,  or  inflammable  air.  *  Thus  if  a  quantity 
of  phofphorus  is  expofed  to  the  atmofphere,  it  will 
abforb  a  confiderable  quantity  of  the  pure  part  of 
the  air,  and  by  the  union  be  converted  into  phof- 
phoric  acid.  In  the  mean  time  the  fire  will  be  de- 
tached from  the  air  $  and,  provided  the  air  is  well 
charged  with  heat,  ignition  or  accenfion  will  be 
produced  on  the  furface '  of  the  phofphorus.  In- 
flammable air  (or  bodies  containing  that  principle) 
has,  however,  either  a  weaker  attra&ion  for  air 
than  phofphorus  has,  or  its  particles  have  a  ftronger 
attraction  for  each  other.  It  is  neceflarv  therefore 
that  it  fhould  be  pre  fen  ted  ta  the  air  in  a  rarer 
ftate ;  and  a  degree  of  internal  agitation,  and  even 
a  third  attractive  power,  are  required  to  effeft  the 
union  of  the  two  fubftances,  arid  the  detaching  of 
the  fire  from  them.  Thus,  for  inftance,  if  pure 
air  is  mixed  with  a  quantity  of  inflammable  air,  the 
elettric  fpark,  or  a  fmall  quantity  of  fire  in  lome 
form  or  other,  muft  be  introduced  to  eflfeft  their 
accenfion.  In  this  cafe  a  double  attraction  takes 
f  :  2  place. 
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place.  The  pure  and  inflammable  airs  unite  toge- 
ther, or  are  condenfed  into  a  fluid,  and  the  matter 
of  fire,  which  is  introduced,  carries  with  it  the  fire 
which  is  detached  from  the  two  airs,  and  thus  a 
complete  ignition  is  produced.  In  the  ordinary 
procefs  of  burning,  when  a  quantity  of  inflamma- 
ble or  combuftible  fubftances  are  heaped  together, 
and  fire  introduced  among  them,  by^he  aftion  of 
the  fire  the  inflammable  part  is  firft  expanded  from 
its  folid  ftate  into  a  date  of  inflammable  vapour  or 
air,  it  comes  neceflarily  into  contaft  with  the  pure 
air  of  the  atmofphere,  and  the  aftionof  the  fire  ftill 
continuing,  the  matter  of  fire  is  detached  from  the 
air,  and  combuftion  enfues  in  the  fame  manner  as  in 
the  former  cafe,  when .  the  pure  and  inflammable 
airs  are  fired  by  the  ele&ric  fpark. 

Hence  there  can  be  no  combuftion  without  a 
fupply  of  pure  air;  and  from  this  consideration 
moft  of  the  phenomena  of  combuftion  may  be  ex- 
plained. In  *  common  coal  fire,  if  the  coals  cake 
or  adhere  in  fuch  a  manner  that  the  inflammable 
part  cannot  come  in  contaft  with  the  external  air> 
the  fire  is  neceflarily  extinguifhed.  Flame  is  ig- 
nited vapour ;  but  as  that  part  only  which  comes 
in  contadt  with  the  air  can  be  ignited,  that  part 
of  the  inflammable  vapour,  which  is  not  con- 
fumed,  takes  the  form  of  fmoke  and  foot,  and  ad- 
heres to  the  fide  or  top  of  the  place  or  veflel  which 
contains  the  fire.  The  flame  of  a  common  lamp 
or  candle  may  be  confidered  as  a  tube  of  fire,  in  the 
hollow  of  which  the  inflammable  vapour  is  in- 
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clofed.  It  afiumes  a  conical  form,  in  confequence 
of  the  gradual  confumption  of  the  vapour,  which  is 
Icflened  in  quantity  a£  it  rifes,  and  eonfequently  is 
contra&ed  in  its  dimenfions.  A  confidence  quan- 
tity of  the  vapour,  however,  ftill  efcapes  in  the  form 
of  fmoke^  as  muft  be  evident  to  any  obferver,  and 
as  is  decidedly  evinced  by  holding  a  paper,  or  any 
other  covering,  over  the  flame,  in  which  cafe  z 
quantity  of  foot  will  preferitly  be  colle&cd. 

If  thefe  principles  are  clearly  underftood,  it  will 
no  longer  be  a  fubj£&  of  wonder  that  all  flame 
naturally  afcends.  Vapour  is  confidently  lighter 
than  air,  and  flame  is  no  other  than  ignited  vapour. 
Thus  in  lighting*  a  common  lamp  or  candle  at  an 
ignited  bar  of  iron,  or  any  other  burning  body,  the 
wick  of  the  candle  muft  be  applied  to  the  lower 
furface  of  the  ignited  body,  and  not  held  above  it, 
becaufe  then  the  vapour,  which  the  heat  extradb 
from  the  candle,  comes  in  contaft  with  the  burning 
body,  and  accenfion  takes  place,  it  fometimes 
indeed  may  happen,  that  the  lamp  or  candle  may 
be  lighted  by  holding  it  above  the  ignited  bar; 
but  it  is  obvious,  in  that  cafe,  that  a  quantity  of  the 
oil  or  tallow  firft  drops  on  the  burning  body,  and 
is  then  converted  into  vapour  and  flame,  fo  that  at 
the  time  of  the  accenfion  taking  place,  the  wick  is 
aftually  furrounded  with  flame,  above  as  well  as 
below. 

To  remedy  the  imitienfe  wafte  of  oil,  which, 
according  to  the^  common  conftruftion  of  lamps, 
was  difpofed  of,  unconfumedi  in  the  form  of  fmoke 
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and  foot,  was  the  great  objett  of  that  very  inge- 
nious invention,  the  patent  lamp  of  M!  Argand. 
I   recoiled,  fomti  years  previous  to  M.  Argand's 
invention,  I  turned  my  attention  to  the  procuring 
of  a  vivid  flame,  without  a  wafte  of  oil,  or  the  of- 
~  fenfivenefs  of  fmoke.     I  obferved  that,  the  fmaller 
the  wick  of  a  lamp,  the  brighter  in  general  was  the 
flame,  and  for  this  plain  reafon,  that  in  thefe  cafes 
a  greater  furface  than  ufual,  proportionably  to  the 
quantity  of  vapour,  was  cxpofed  to  the  air.     My 
fcheme  was,  therefore,  to  procure  a  lamp  with  a. 
number  of  very  fmall  wicks,  between  each  of  which 
there  was  to  have  been  an  orifice  or  chimney,  which 
might  introduce  a  current  of  air,  and  keep  the  flame 
proceeding  from  each  wick  diftinft.     M.  Argand's* 
I  muft  confefs,  is  a  great  improvement  upon  this 
idea.     By  means  of  a  thin  circular  wick/through 
the  middle  of  which  a  current  of  air  is  introduced 
by  a  funnel,  he  produces  a  very  thin  flame,  and 
confequently  expofes  a  very  large  furface  of  the 
oily  vapour  to  the  contaft  of  the  air.     As  there  is* 
however,  a  ftrong  attra&ion  between  the  particles 
of  fire,  there  would  be  danger  of  the  flame  uniting 
from  all  the  fides  of  the  lamp,  at  a  certain  height 
above  the  funntl,  and  fo  forming  a  conical  flame 
like  that  of  a  common  candle,  was  it  not  that  this 
effeft  is  prevented  by  a  tube  of  glafs,  with  which 
he  furrounds  the  flame,  which,  when  warmed*  coun- 
terafts  the  attraction,  which  the  different  fides  of 
the  circular  flame  would  have  for  each  other,  and 
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fo  prefei  ves  the  current  of  air  free,  and  without  in- 
terruption. 

The  fame  principles  will  apply  to  the  conftruc- 
tion  of  common  fires.  The  great  objeft  fhoukl 
be,  to  expofe  as  large  a  furface  of  the  fuel  as  pofli- 
ble  to  the  air,  or  rather,  if  poflible,  to  introduce  a 
ftrong  and  diffufed  current  of  air  through  the  fire. 
On  this  principle  the  air  furnace  is  conftru&ed.  It 
is  well  known  that  thefe  furnaces  confift  of  an  aper- 
ture or  afh-  hole  under  the  fire,  and  a  high  vent, 
funnel,  or  chimney  above,  and  that  the  door,  by 
which  the  fuel  is  introduced,  is  kept  clofed,  unlefs 
it  fliould  be  occafionally  opened  for  the  purpofe  of 
diminifhing  the  heat.  By  means,  therefore,  of  the 
high  vent  or  funnel,  the  air  above  is  rarefied  and 
rendered  lighter,  and  confequently  the  air  below 
preffes  in  through  the  afti  pit  5  and  if  the  bottom  of 
the  gr^te  li  kept  clear,  a  ftrong  current  of  air  cir- 
culates direftly  through  the  fire>  and  fupplies  it 
conftantly  with  this  necefiary  ingredient.  On  fimi- 
lar  principles  the  regifter  ftoves  are  conftrufted. 
In  thefe  the  vent  or  chimney  coming  very  near  the 
grate,  the  air  below  it  is  forced  through  the  fuel, 
and  by  enlarging  or  contra<SHng  the  vent,  the  cur- 
rent of  dir  is  increafed  or  diminifhed.  The  bath 
and  pantheon  ftoves  are  alfo  found  to  produce  more 
heat  in  proportion  to  the  quantity  of  fuel  than 
common  open  grates,  becaufe  they  are  ufually  fct 
high,  and  the  afh-pit  or  aperture  below  being  clofed 
on  three  fides,  a  confiderable  part  of  the  air  which 
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enters  it  is  forced  up  through  the  fire.  The  fame 
reafons  will  alfo  fatisfaAorily  account  for  the  effe&s 
of  a  common  bellows,  which  brings  a  fupply  of 
pure  air  to  unite  with  the  inflammable  matter  con- 
tained in  the  coal. 

The  inflammable  and  pure  air,  which  are  appa- 
rently confumed  by  the  procefs  of  combuftion,  are 
in  reality,  by  their  uni6n,  converted  into  water,  as 
will1  be  evinced  by  fixing  an  alembic  head,  or  any 
good  recipient,  to  the  top  of  Mr.  Argand's  lamp, 
in  which  a  quantity  of  water  will  prefently  be 
1  found,  but  no  foot. 

There  are,  however,  certain  fubftances,  fuch  as 
gunpowder,  &c.  which  will  bum  though  the  air 
of  our  atmofphere  fhould  be  excluded,  as  in  the  re- 
ceiver of  an  air-pump,  wfyen  the  air  has  been  ex- 
haufted.  To  explain  this,  it  muft  be  premifcd, 
that  nitre,  or  fome  of  the  ingredients  of  fuch  com- 
pofitions,  contains  a  large  quantity  of  the  bafis  of 
pure  air;  and  it  muft  be  remembered,  that  air 
conlifts  of  a  certain  matter  or  bafis,  which  is  ex- 
panded  by  a  union  with  the  matter  or  element  of 
fire,  but  which  is  alfo  capable  of  exifting  in  a  more 
cojidenfed  ftate.  Let  it  alfo  be  remembered,  that 
though  air,  which  is  a  compound  body,  will  not  pe- 
netrate glafs,  yet  the  element  of  fire,  or  heat,  wil| 
penetrate  glafs  or  any  other  fubftance  with  wHich 
v/e  are  acquainted.  One  of  the  ingredients  of  air, 
therefore,  is  contained  in  the  nitre  or  gunpowder^ 
and  the  other  (the  fire  or  heat)  cannot  be  excluded* 
"yVhen  therefore  the  matter  or  elementary  part  of 
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the  air,  is  fet  free  from  the  nitre  by  accenfion, 
it  immediately  meets  with  the  matter  of  heat  or 
fire,,  and  becomes  embodied  into  the  form  of  air, 
and  thusran  a&ual  fupply  of  that  material  is  gene- 
rated, though  the  air  of  the  atmofphere  is  totally 
excluded  *f 

•  According 

#  Gunpowder  is  a  mixture,  which  in  an  hundred  parts  con- 
tains about  75  of  nitre,  of  of  fulphur,  and  15!  of  charcoal. ' 
The  effects  of  gunpowder  depend  on  the  Hidden  production  of 
a  quantity  of  air,  which  takes  place  from  the  decompoiuion  cf 
the  nitre.     Nitre  is  compofed  of  a  fixed  alkali  and  of  nitrous 
3cid,  which  is  itfclf  a  compound  of  the  bafcs  of  azote  and 
oxygen.     The  ingredient  firft  inflamed  is  the  fulphur,  which 
fets  fire  to  the  charcoal.     The  nitre  is  equally  difperfed  among 
all  the  particles  of  combuflible  matter,  and  as  its  quantity  is 
by  much  the  greatcft,  each  panicle  of  fulphur  and  charcoal  is 
{urrounded  with  nitre.     When  combuflion,  therefore,  is  once 
$ xcited  in  the  mafs,  the  oxygen  afforded  by  the  nitre  carries 
it  on  with  great  rapidity.    The  oxygen,  being  withdrawn  from 
the  azote,  caufe&it  to  alTume  an  aeriform  ft.ite,  and  by  being 
attracted  by  the  charcoal  converts  the  latter  into  fixable  air. 
The  fulphur  alfo  attracting  fome  of  the  oxygen,  but  not  fur5- 
cicnt  to  reduce  it  to  the  ftate  of  a  fluid,  is  partly  converted  into 
volatile  yitriolic  acid,  the  fmell  of  which  is  very  perceptible. 
The  gunpowder,  therefore,  is  in  an  inftant  converted  into  three 
kinds  of  air,  which  occupy  the  fpace  of  the  folid  matter..  What 
remains  after  combuflion  is  a  liver  of  fulphur  formed  by  the" 
union  of  forae  portion  of  that  fubftance  with  the  fixed  alkali  of 
the  nitre. 

The  effects,  however,  of  this  mixture  of  nitre,  fulphur,  and 
coal,  are  trifling,  in  comparifon  with  thofe  of  another  prepara- 
tion called  fulminating  powder.  This  is  made  by  triturating 
in  a  hot  marble  mortar,  with  a  wooden  peftle,  three  ounces  of 
nitre,  two  ounces  of  very  dry  fixed  fait  of  tartar,  and  one  ounce 
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According  to  the  different  properties  of  bodies, 
they  are  more  or  lefs  eafily  difpofed  to  ignition. 
Iron  is  ignited  with  great  difficulty;  on  the  con- 
trary, 

of  flowers  of  fulphur,  till  the  whole  is  very  accurately  mixed. 
If  a  drachm  of  this  powder  is  expofed  to  a  gentle  heat,  in  an 
iron  ladle,  it  melts,  and  foon  after  produces  a  detonation  as  loud 
as  the  report  of  a  cannon.  '  This  phenomenon,  which  is  fo 
much  the  more  aftonifhing,  becaufe  its  effect  is  produced  with- 
out inclofing  the  powder  in  any  inftrument,  as  is  done  with 
gunpowder,  may  be  explained,  by  obferving,  i .  That  it  does 
not  fucceed,  but  by  gradually  heating  the  mixture,  fo  as  to  mdt 
it.  2.  That  if  fulminating  powder  is  thrown  on  ignited  char- 
jcoal,  it  only  detonates  like  nitre,  but  with  very  little  noife. 
3.  That  a  mixture  of  liver  of  fulphur  with  nitre,  in  the  pro- 
portion of  one  part  of  the  former,  and  two  of  the  latter,  fulmi- 
nates with  more  rapidity,  and  produces  as  loud  a  report  as  the 
compofition  of  fulphur,  nitre,  and  alkali :  hence  it  appears,  that 
when  fulminating  powder  is  heated,  liver  of  fulphur  is  formed 
before  the  detonation  takes  place ;  and  this  fact  is  fufficient  to 
explain  the  whole  appearance.  When  cryftallized  nitre  and 
liver  of  fulphur  are  expofed  to  the  action  of  heat,  inflammable 
or  hepatic  gas  is  difengaged  from  the  latter,  while  the  (alt 
gives  out  vital  air.  Now  thefe  two,  which  together  are  capable 
of  producing  a  ilrong  inflammation,  as  we  have  obferve4  in 
the  hiflory  of  inflammable  gas,  are  fet  on  fire  by  a  portion  of 
the  fulphur.  But  as  the  thick  fluid  they  are  obliged  to  pafs 
through  prefents  a  confiderable  obftacle,  and  as  the  whole  takes 
fire  at  the  fame  in  flan  t,  they  flrike  the  air  with  fuch  rapidity, 
that  it  refills  in  the  fame  manner  as  the  chamber  of  a  mufquet 
redds  the  expanfion  of  gunpowder.  A  proof  of  this  is  bb- 
fervable  in  the  effect  the  fulminating  powder  has  on  the  ladle 
in  which  it  explodes.  The  bottom  of  this  vciTel  is  bulged  out- 
wards, and  the  fides  bent  inwards,  in  the  fame  manner  as  if  it 
had  been  acted  on  by  a  force  directed  perpendicularly  down- 
wards, and  laterally  inwards.'— Fourcrofs  Cbem.  v.  ii.  p.  388. 
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trary,  not  only  the  phofphorus  of  Kunkel,  but  the 
pyrophori,  which  are  made  of  three  parts  of  flour, 
or  any  vegetable  matter  convertible  into  charcoal,  ■ 
and  one  of  alum,  will  immediately  ignite,  on  being 
expofed  to  the  air  in  the  ordinary  heat  of  our  at- 
mofphere.  In  this  cafe  the  pyrophorus>  which 
fconfifts  of  a  light  fpongy  texture,  prefents  a  targe 
furface  containing  a  quantity  of  inflammable  mat- 
ter to  the  atmoiphere,  and  the  union  of  the  two 
fubftances  immediately  fucceeding,  the  matter  of 
fire  is  emitted,  and  ignition  takes  place. 

Every  means^  indeed,  by  which  pure  air  may  be 
attra&ed  and  condenfed,  will  produce  flame.  It  was 
pbferved  ifi  the  preceding  paragraph,  that  iron  was 
igniced  with  difficulty;  yet  if  a  very  fmall  iron  wire 
is  conveyed  into  a  clofe  bottle  filled  with  this  air, 
with  a  fmall  piece  of  tinder  or  any  combuftible 
matter  upon  it,  to  which  fire  has  been  communicat- 
ed, the  wire  will  be  obferved  to  burn,  after  the  other 
combuftible  matter  is  confumed,  with  a  clear  and 
bright  flame,  and  if  there  is  a  large  quantity  of  pure 
a:.r,  the  whole  of  the  iron  will  be  converted  into  a 
.calx. 

Gold  precipitated  from  its  foluiion  in  aqua  regia  by  means 
pf  volatile  alkali,  conflitutes  a  fubftance  called  fulminating  go!df 
the  effects  of  which  are  ftill  more  tremendous  than  thofe  of  the 
preceding  compofitions.  An  extremely  fmall  portion  of  it  is 
fufrkicnt  to  produce  alarming,  and  even  fatal  cffccls ;  and  what 
renders  it  Aill  more  dangerous  is,  that  a  mere  blow,  or  a  flight 
degree  of  friction,  are  fufficicnt  to  ignite  it.  With  refpe&  to 
the  caufe  of  the  explofive  power  of  this  fubftance,  it  will  be  ex- 
plained when  I  treat  of  gold  itfelf. 

""•■$-■•■'■■  it 
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It  has  been  amply  demonft  rated,  that  the  con- 
denfation,  not  only  of  pure  air,  but  of  every  fluid, 
is  attended  with  the  emiflion  of  heat  or  elementary 
fire ;  and  even  the  partial  condenfation  of  a  fluid, 
or  the  redu&ion  of  it  from  a  rarer  to  a  denfer  ftate, 
will  produce  the  fame  effeft.  Thus  air  and  vapour 
.are  rarer  fluids  than  water,  and  their  condenfation 
into  water  always  produces  fenfible  heat ;  thus  fix- 
able  air  is  a  denfer  fluid  than  atmofpherical  or  pure 
air;  and  when  a  quantity  of  the  latter  is  by  any  pro- 
cefs  converted  into  the  former,  a  quantity  of  fuper- 
fluous  caloric  is  confequently  emitted.  This  is  the 
cafe  in  all  fermenting  bodies,  which  abforb  a  large 
quantity  of  the  pure  air  of  the  atmofphere,  and  emit 
that  denfe  acid  fluid,  which  always  hangs  over  their 
furface  like  a  vapour,  and  is  univerfally  known  by 
the  name  of  fixable  air :  and  this  procefs  is  always 
attended  with  heat,  that  is,  with  the  detaching  of  a 
quantity  of  elementary  fire.  The  accenfion  or  ig- 
nition of  the  mafs  depends,  however,  on  the  fpeedy 
emiifion  of  the  matter  of  fire,  that  is,  upon  the  vio- 
lence of  attraftion  between  the  two  fubftances 
which  occafions  the  condenfation.  When  fulphur, 
iron-filings,  and  water,  ane  mixed  together  and 
kneaded  up  into  a  parte,  the  air  is  rapidly  attracted, 
and  the  mafs  becomes  fpontaneoufly  on  fire.  Hay- 
ricks and  other  fermenting  maflfes  are  frequently 
fired  by  this  kind  of  fpontaneous  procefs. 

If  one  of  the  fubftances  contains  a  large  quantity 
of  the  bafis  of  pure  air,  and  a  ftrong  general  attrac- 
tion exifts  between  the  fubftances  a  fjmilar  effed 
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will  enfue.     Thus,  if  aqua  fords  or  ftrong  nitrous 
acid  is  poured  upon  oil  of  turpentine,  the  attraction 
between  the  inflammable  part  of  the  oil  and  the 
pure  air,  which  the  nitrous  acid  contains  in  abun- 
dance, will  be  fo  violent,  that  the  whole  will  be  in- 
ftantaneoufly  converted  into  flame.     The  fame  ef- 
fect is  produced  from  a  mixture  of  black  wad  (an 
ore  of  manganefe,  containing  much  oxygen  or  pure 
air)  with  common  -linfeed  oil.     If  a  quantity  of  ni- 
trated copper  alfo,  or  the  fait  which  is  formed  by 
the  folution  of  copper  in  the  nitrous  acid,  is  moift- 
cned,  and  inclofed  in  a  piece  of  tin-foil,  the  fait  melts 
or  deliquefces,  nitrous  fumes  are  emitted,  and  the 
mafs  fuddenly  burfts  into  a  flame.     This  effect  is 
undoubtedly  occafioned  by  the  ftrong  attraftion  o[ 
the  tin  for  the  nitrous  acid,  by  which  the  fire  is  ex- 
tricated in  fo  rapid  a  manner  as  to  produce  inflam- 
mation. 

The  eflfe&s  of  fpontaneous  inflammation  are 
chiefly  feen  in  the  mineral  world  1  and  to  this  caufe 
is  to  be  attributed  a  variety  of  the  moft  formidable 
phenomena  of  nature,  fuch  as  volcanoes,  earthquakes, 
&c. 

M.  Lavoifier  defcribes  an  apparatus  for  afcer- 
taining  the  quantities  of  he^t  extricated  during  the 
coirbuftion  of  different  fubftances. "  This  contriv- 
ance refts  on  the  propqfition,  that  when  a  body  is 
burnt  in  the  center  of  a  hollow  fphere  of  ice,  and 
fupplied  with  air  at  the  temperature  of  32%  the 
quantity  of  ice  melted Jrom  the  infide  of  the  fphere 
becomes  a  meafure  of  the  relativg  quantities  of  heat 

difengaged. 
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difengaged.  With  this  apparatus,  phofphorus,  char- 
coal, and  hydrogen  gas,  gave  the  following  re- 
fulcs  : 

One  pound  of  phofphorus  melted  one  hundred 
pounds  of  ice. 

One  pound  of  charcoal  melted  ninety-fix  pounds 
eight  ounces. 

One  pound  of  hydrogen  gas  melted  295  lbs. 
9  ounces,  3I  drams. 

As  a  concrete  acid  is  formed  by  the  combuftion 
of  pholphorus,  it  is  probable  that  very  little  heat  or 
caloric  remains  in  the  acid,  and,  confequendy,  that 
the  above  experiment  gives  us  very  nearly  the  whole 
quantity  of  elementary  fire  contained  in  the  oxygen 
gas. 

M.  Lavoifier  had  found,  by  a  former  experiment, 
that  one  pound  of  pholphorus  abfbrbs  one  pound 
eight  ounces  of  oxygen  during  combuftion;  and 
fince,  by  the  fame  operation,  one  hundred  pounds  of 
ice  are  melted,  it  follows,  that  the  quantity  of  calo- 
ric contained  in  one  pound  of  oxygen  gas  is  capable 
of  melting  66  lbs.  10  ounces,  5  drams,  24  grains  of 
ice.  By  the  help  of  this  fimple  contrivance  for  mea- 
fgring  quantities  of  heat,  M .  Lavoifier  has  been  able 
to  arrive  at  thf;  following  conclufions; 

c  From  the  combuftion  of  phofphorus,  as  related 
in  the  foregoing  experiments,  it  appears,  that  one 
pound  of  phofphorus  requires  1  lb.  8  oz.  of  oxy- 
gen gas  for  its  combuftion,  and  that  2  lbs,  8  oz.  of 
(poncrete  phofphoric  acid  are  produced, 

'The 
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c  The  quantity  of  caloric  difengaged  by  the  com- 
buftion of  one  pound  of  phofphorus,  exprcfled  by 
the  number  of  pounds  of  ice  melted  during  that 
operation,  is        —         —         -  100.00000. 

The  quantity  difengaged  from  each  pound  of 
oxygen,  during  the  Combuftion  of  phofphorus,  ex- 
prefled  in  the  lame  manner,  is        -        66.66667. 

The  quantity  difengaged  during  the  formation  of 
one  pound  of  phofphoric  acid,  40.00000.  The 
quantity  remaining  in  each  pound  of  phofphoric 
acid,  -  _  _  _         0.00000*. 

In  the  combuftiori  of  one  pound  of  charcoal, 
a  lbs*  9  oz.  1  gros  10  grst  of  oxygen  gas  are  ab- 
sorbed, and  3  lbs.  9  oz.  1  gros  10  grs.  of  caibonic 
acid  gas  are  formed. 

Caloric,  difengaged  during  the  combuftion  of 
one  pound  of  charcoal,        -        -      96.50000  f. 

Caloric  difengaged  during  the  combuftion  of 
charcoal,  from  -each  pound  of  oxygen  gas  abforb- 

ed,        -        -      .  -        -        -         37-528*3' 

Caloric  difengaged  during  the  formation  of  one 

pound  of  carbonic  acid  gas,  -  27.02024* 

*  We  here  fuppofc  the  phofphoric  acid  not  to  contain  any 
caloric,  which  is  not  ftri&ly  true ;  but,  as  1  have  before  ob- 
served, the  quantity  if.  really  contains  is  probably  very  fmall, 
and  we  have  not  given  it  a  value,  for  want  of  a  iufEcient  data 
to  go  upon. 

f  All  thefe  relative  quantities  of  caloric  are  cxprefled  by  the 
number  of  pounds  of  ice,  and  decimal  parts,  melted  dating  th« 
fryeral  operations. 

Caloric 
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Caloric  retained  by  each  pound  of  oxygen  after 
the  combuftion         -     •    -  -  129.13844. 

Caloric  neeeflary  for.  fupporting  one  pound  of 
carbonic  acid  in  the  ftate  of  gas  -  20.97960. 
In  the  combuftion  of  one  pound  of  hydrogen 
gas,  5  lbs.  10  oz.  5  gros,  24  grs.  of  oxygen  gas 
are  abforbed,  and  6  libs.  10  oz.  5  gros  24  grs.  of 
water  are  formed. 

Caloric  from  each  lb.  of  hydrogen 

gas  -       .  295.58950. 

Caloric   from    each  lb.    of  oxygen 

gas,         -        -        -         -  52.16280. 

Caloric   difengaged  during  the  for- 
mation of  each  pound  of  water,       44.33840. 
Caloric  retained  by  each  lb.  of  oxy- 
gen after  combuftion  with  hydro- 
gen        ---.-  14.50386. 

Caloric  retained  by  each  lb.  of  wa- 
ter  at  the  temperature  of  Zero 
(320)         -■"""-,   ".32823. 

c  When  we  combine  nitrous  gas  with  oxygen  gas, 
fo  as  to  form  nitric  or  nitrous  acid,  a  degree  of  heat 
is  produced,  which  is  much  lefs  confiderable  than 
what  is  evolved  during  the  other  combinations  of 
oxygen ;  whence  it  follows  that  oxygen,  when  it 
becomes  fixed  in  nitric  acid,  retains  a  great  part  of 
the  heat  which  it  poffeffed  in  the  ftate>  of  ga$.  It 
is  certainly  poflible  to  determine  the  quantity  of 
caloric  which  is  difengaged  during  the  combina- 
tion 
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tron  of  thefc  two  gaffes,  and  confcqucndy  to  deter- 
mine what  quantity  remains  after  the  combination 
takes  place.  The  firft  of  thefe  quantities  might  be 
afcertained,  by  making  the  combination  of  the  two 
gaffes, in  an  apparatus  furrounded  by  ice;  but,  as 
the  quantity  of  caloric  difengaged  is  very  inconfi- 
derable,  it  would  be  neceflary  to  operate  upon  a 
large  quantity  of  the  two  gafles  in  a  very  trouble- 
fbme  and  complicated  apparatus.  By  this  confi- 
deration'  Mr.  de  la  Place  and  I  have  hitherto  been 
prevented  from  making  the  attempt.  In  the  mean 
time,  the  place  of  fuch  an  experiment  may  be  fup- 

plied  by  calculations,  the  refults  of  which  cannot  be 
very  far  from  truth. 

€  Mr.  de  la  Place  and  I  deflagrated  a  convenient 

quantity  of  nitre  and  charcoal  in  an  ice  apparatus, 

and  found  that  twelve  pounds  of  ice  were  melted 

by  the  deflagration  of  one  pound  of  nitre.  We  (hall    - 

fee,  in  the  fequel,  that  one  pound  of  nitre  is  com- 

pofed,  as  under,  of  *  • 

Pot-alh     70Z.  6  gros  51*84  grs.  =  4515.84  grs. 
Dry  acid  8        1  21.16  r:  4700.16. 

The  above  quantity  of  dry  acid  is  cOmpofed  of 
Oxygen  6  oz.  3  gros  66.34  grs.  =  3738.34  grs* 
Azote      i        5  25.82  =:  961.82. 

c  By  this  we  find  that,  during  the  above  deflagra- 
tion, 2  gros  i|  gr.  of  charcoal  have  fuffered  jribm- 
s  buftion. 
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bullion,  along  with  3738.34  grs.  or  6  oz.  3  gros 
66.34  grs.  of  oxygen.  Hence,  fince  ia  lbs.  of 
ice  were  melted  during  the  combuftion,  it  follows, 
that  one  pound  of  oxygen  burnt  in  the  fame  man- 
ner would  have  melted  29.58320  lbs  of  ice.  To 
which  the  quantity  of  caloric,  retained  by  a  pound 
of  oxygen  after  combining  with  charcoal  to  form 
carbonic  acid  gas,  being  added,  which  was  already 
afcextained  to  be  capable  of  melting  29.13844  lbs* 
of  ice,  we  have  for  the  total  quantity  of  caloric  re- 
maining in  a  pound  of  oxygen,  when  combined 
with  nitrous  gas  in  the  nitric  acid  58.721645  which 
is  the  number  of  pounds  of  ice  the  caloric  remain- 
ing in  the  oxygen  in  that  ftate  is  capable  of  melt- 


ing. 


c  We  have  before  feen  that,  in  the  ftate  of  oxygen 
'gas,  it  contained  at  leaft  66.66667 ;  wherefore  it 
follows  that,  in  combining  with  azote  to  form  ni  * 
trie  acid,  it  only  lofes  7.94502.  Farther  experi- 
ments upon  this  fubjeft  are  neceffary  to  afcertain 
how  far  the  refults  of  this  calculation  may  agree 
with  direft  fad.  This  enormous  quantity  of  calo- 
ric retained  by  oxygen  in  its  •  combination  into  ni- 
trie  acid,  explains  the  caufe  of  the  great  difengage- 
ment  of  cialoric  during  the  deflagrations  of  nitre; 
or,  more  ftri&ly  fpeaking,  upon  all  occafions  of  the 
decompofition  of  nitric  acid. 

c  Having  examined  feveral  cafes  of  fimple  com- 
buftion, I  mean  now  to  give  a  few  examples  of  a 
more  complex  nature.     One  pound  of  wax- taper 

being 
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being  allowed  to  burn  (lowly  in  an  ice  apparatus, 
melted  133  lbs.  2  02.  5^  gros  of  ice.  According 
to  my  experiments  in  the  Memoirs  of  the  Academy 
for  1784^  p.  606,  one  pound  of  wax-taper  confifb 
of  13  oz.  1  gros  23  grs.  of  charcoal,  and  2  oz, 
6  gros  49  grs.  of  hydrogen. 

€  By  the  foregoing  expe- 
riments, the  above  quantity 
of  charcoal  ought  to  melt    79*39390  lbs.  of  ices 
and  the   hydrogen    fhould 

melt        -         -  •      ~     52.37605 

In  all   131.76995  lbs. 

c  Thus,  we  fee  the  quantity  of  caloric  difengaged 
from  a  burning  taper,  is  pretty  exaftly  conformable 
to  what  was  obtained  by  burning  fcparately  a  quan- 
tity of  charcoal  and  hydrogen,  equal  to  what  enters 
into  its  compofition.  Thefe  experiments  with  the 
taper  were  fevcral  times  repeated,  fo  that  I  have 
reafon  to  believe  them  accurate  V 

The  following  is  a  table  of  the  different  degrees 
of  heat,  which  certain  bodies  exhibit  in  given  cir- 
cumftances,  efti mated,  according  to  Fahrenheit's 
fcale,  and  collected  from  different  authors. 

*  Lavoificr's  Chemiftry. 
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.      A    SCALS    OF    HBAT. 

Tbt  firft  part  of  this  table  is  taken  from  Mr.  Wedgwood1! 
fade,  according  to  his  clay  pyrometer. 

Fahr.      Wed£. 

Extremity  of  the  fcalc  of  Mr.  Wedg- 
wood's thermometer    — .        —  3«a77'    440* 

Greateft  heat  of  his  fmafr  air  furnace  21877 
Caft-iron  melts  — •  — 

Greateft  heat  of  a  common  fmith's : 
forge  — •         —  — • 

Welding  heat  of  iron,  greateft     — 
-..-.......,  Icaft   .      — 

Fine  gold  melts         .  •*-  — 

Fine  filver  melts  —  — 

Swedifh  copper  melts      —        — < 
Brafi  melts        — r .       — •  *— ' 

Heat  by.  which  his  enamel  colours 
arc  burnt  on  —  -r    1857         6 

Fahr. 

Iron  with  a  white  fparkling  heat  —  2780* 

Iton  with  a  heat  almoft  white     —  •—  ao8o 
The  heat  of  live  coals  without  blowing, 

pefhaps  about        —     ,    —  —  165° 

Iron  with  a  glowing  red  by  day-light  —  1600 

Iron  juft  red-hot  by  dayJight    —  —  1 1  ao 

Iron  juft  red-hot  in  the  dark    —  —  ioop 

Greateft  heat  of  lead  in  fufion     —»   '  —  820 

Colours  of  iron  arc  burned  off  — •  800. 

.    Vol.  I.                          1*  Mercury 


ai877 

160 

17977 

130 

17327 

125 

»34*7 

95 

"777 

90 

5*37 

3* 

4717 

a8 

4587 

27 

3807  . 

21 
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Mercury  boils,  by  fomc  placed  at  600  — 
£olifhed  iron  takes  a  fbH  blue  —  *  ■ — 
Poliftied  iron  takes  a  purple      —  — - 

Linfeed  oil  boils,  by  fome  at  600  — 

Lead  melts       '    —    ,  —  — 

Pgtiflied  jrop  takes  a  ftraw  colour  1— 

Oil  of  vitriol  bo&  •—  — •  *  -r 
Brafs  takes  a  f>Iue  colour     *  — -  •  — 

Bifmuth  melts  *—        '  ;  ^~  "  —  • 

Tin-foil  and  bifmuth  melt  •     —  — 

Tin  melts  — ■     -     '--—  — 

Equal  parts  of  tin  and  bffmuth  melt       — - 
Equal  parts  of  tin,  lead,  and  bifmuth  melt 
Water  boils  —  —  — 

Brandy  boils         —       ~    —  — 

Re&ified  (pint  of  wine  boife  —  — 
Serum  of  blood  and  white  of  eggs  coagulate 
Bees-wax  melts        —     ~     ~  ;— 

Greateft  heat  of  water  which  the  hand  can 
L  well  bear  —       '     —         -    — 

Heat  of  the  Sirocco  wind  at  Palermo*  in 

Sicily         —  — •  -_.  — 

Violent  feverifti  heat  —    .  — 

Heat  of  the  flriti  of  ducks,,  geefe,  and  pid- 

geons        —    "    —  —       — 

Heat. of  the  fkin  of  cats,  dogs>fheep>  &c. 
Jieat  of  the  human  body  in  health.         — 
Heat  of  a  hive  of  bees 
Sultry  weather  ~ 

Ordinary  fummer  heat, 


Fahr. 

—  700* 

—  700 

—  660 

—  *  f  20 

—  6lO 

—  -     605 

-       54* 
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10$ 
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75 
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W  ater  jiift  freezing,  or  ice  juft  melting  — 
Milk  freezes  —  —  — 

Vinegar  of  ordinary  fttength  froze  at      — 
Strong  wines  froze  at  —  — 

A  mixture  of  fhow  and  fait  finks  the  ther- 
mometer td         *—  — .    ,        — 
Greateft  natural  cold  obferved  in  England 
Weak  fpirit  of  wine  froze         —  — 
Mercury  freezes  about            —  — 

As  mercury  contracts  irregularly  on  freezing,  n<> 
told  below  this  can  be  obferved  by  the  thermome- 
ters now  in  ulc* 
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Fahr. 

3a* 

30 

20 
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33 
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CHAf.      t 

HISTORY  OF  DISCOVERIES  CONCERNING 

LIGHT,  &c 

Opinio**  of  the  Ptatonies.~*Of  Ariftotle*—Of  AIbaxeu<—Qf  Re* 
ger  Bacon.-Ybt  Invention  of  Spe3acles*—Trcatije  of  Mamrwfy- 
<us  on  Vifien. — Long  and,  port  F^/san.—Rea/on  that  the  Sum's 
Imago  appears  round,  though  the  Rajs  pafs  through  an  angular 
Aperture.— Invention  of  the  Camera  Obfcura.-^ConJeSmres  tf 
Fletcher  on  the  Rainbow  .^Invention  of  the  Tolefcope.*— Supped 
to  be  by  Zacharias  JanJen++'Galileo+— Kepler*— Invention  of  the 
.  Microfcope^^Tycho  £rabe.~-Refermatiou  of  diftorted  Images* 
—Snellius  and  tiortenfus.—Deftartes.—Scbetuerj*-reJeciij  rf 
Light  difcovmd.— Boyle *s  Difcoveries  on  (Mours.—GrsnuUjsj-* 
Gregory  .—Newton  1  his  Difcoveries  on  Colours.— On  Kefram- 
gibility.—Bolognian  Stone.— Baldwin's  Pbojpberus,  &e.—Brad* 
Uy.—Bougutr.—±}Aelvillt.—Dolland.-De  la  Motu<—Dcla- 

vai. 

< 

THE  moft  ancient  hypothetic,  which  leads  to 
the  true  theory  of  light  and  cblours,  is  that  of 
the  Platonics,  namely,  that  light,  from  whatever  it 
proceeds,  is  propagated  in .  right  lines  *  and  that 
when  it  is  reflected  from  the  furfaces  of  polifhed 
bodies,  the  angle  of  incidence  is  equal  to  the  angle 

of 
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of  reflexion.  To  this,  may  be  added  the  opinion  of 
Ariftotle,  who  fuppofed  that  rainbows,  hates,  and 
mock  funs,  were  occafioned  by  die  reflexion  of  the 
fun  beams  in  different  circumftances.  We  have' 
reafon  to  believe,  that  the  ufe  of  convex  glafles, 
both  as  magnifiers  and  as  burning  glafles,  was  not 
unknown  to  the  ancients,  though  the  theory  was  not 
tmderftood.  The  magnifying  power  of  glafles,  and 
fbme  other  optical  phenomena,  were  alfb  largely 
treated  of  by  Alhazen,  an  Arabic  philofopher  of  the 
twelfth  century.  Thefc  obfervatioas  were  followed 
by  thofe  of  Roger  Bacon,  who  demonftrates  by  ac 
tual  experiment,  that  a  fmall  fegment  of  a  glafs 
globe  would  greatly  affift  the  fight  of  old  perfons* 
and  from  the  hints  afforded  by  thefc  two  philofo- 
phers,  it  is  not  unreafonable  to  conclude,  that  the 
invention  of  fpe&acles  proceeded.  Concerning  the 
^fhial  author  of  this  ufeful  invention,  we  have  no 
certain  information ;  we  only  find,  that  it  was  gene-? 
rally  known  about  the  beginning  of  the  fourteenth 
century. 

In  the  year  1575,  Mawolycus,  a  teacher  of  ma- 
thematics at  Medina,  publifhed  a  treatife  on  optics, 
in  which  he  demonftrates,  that  the  cryftalltne  hu- 
mour of  the  eye  is  a  lens,  which  colle&s  the  rays  of 
light  proceeding  from  external  objefts,  and  throws 
them  on  the  retina,  or  optic  nerve.  From  this 
principle  he  was  led  to  difcoveir  the  reafon  of  what  is 
called  fhort  and  imperfe&  fight.  In  the  one  cafe,  the 
rays  converge -too  fbon$  in  the  other,  they  do  not 
converge  foon  enough.    Hence  Jhort-fighted  per-  - 

h  3  font 


i£a  Thtoryqfjb&td^ty^&Vtfm.  [Bock  III, 

fens  are  rclieWi  Vy  a  toneove  glafi,  which  amfej 
the  ray*  to  diverge  tn  folfce  degree  befafo  they  entrf 
the  eye,  and  renders  k  more  difficult  {or  tKtrit  to 
converge  fo  fgft  as  they  would  have  done  after1  en- 
tering the  cpyftallme  humour ;  fence,  too*  he  proves, 
that  a-  eopvEx  lens  is  of  ufe  to  pcrfons  who-  have 
weak*  hut  long  fight,  by  caufing  die  ray*  to  eon- 
verge  foorier,  and  in.  a  greater  quantity,  than  ^fodld 
otherwife  happen;  He  was  the  -fifftj  alfo,  th *t  iolved 
a  problem;  which  had  caofed  much  petpkfctty  in  die 
apcient  fchooW,  receding  the  fun's  image  appear** 
ing  round*  though  the  rays*  that  form  k  are  tranf^ 
mritted  inta  a  d*rk  room  through  air  angufer  aper- 
ture. He;  confidered,  thatf .  as-  the  rays  of  light  stee 
constantly  proceeding,  in  every  diredtton^frow-ercfry 
part  of  die  fan's  diik, cc  they  fcauft  be  crofting  each 
other  fr&m  the  extreme  pa»t  of  it  in  cWry  point  of 
the  aperture ;  (o  that  every  fuclv  point  wiH  bd  the 
apex  of-  two  cones,  of  which'  the  bafe  of  the  one  is 
the  fun's  dife,  and  that,  of  the  other  his*  image  on 
the  oppofite  wall/*  The  whole  image,  therefore, 
confifts  of  a;  number  of  itaftgft*  all  of  which  ate  cir- 
cular j  the  image  of  the  fun  formed  of  chofe  images 
rauft  be  circular  alio;  and  it  will  appfoateh  the 
nearer  a  perfeft  circle,  the  fmaller  the  aperture,  and 
the  more  diftant  the  image,  '• 

Nearly  about  the  fame  time,  Johannes  Baptife 
Porta,  of  Naples,  invented  the  camera-  obfeura; 
and  his  experiments  upon  that  instrument  convinced 
him  that  light  is  a  body,  by  the  intromiffion  of 
which  into  the  eye  vifion  is  performed  s  for  it  ought 

to 
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pretty  general,'  th'at'vifibn  de^tidecFtrpon  yraat-WaS 
ttfrtTftfl  ^^-  ray  proceeding  •  rroVh  *  the  eytf' '  Iti 
fhW  the  fyfte'm  of  P3rfe'  eorrefpdnds'  riearVwilh- tKirt 
of-Maor^cttij3^ ic'ob'^ht  to  be  .rernfrKfeBi-  tM 


d*met  6f  I%lft  fstehiedfed  by>#£  dfortattofi'  of  tne* 
p^l/tfttclf^Hfraets  HrV<flumsrVay When' ixp^bfeci 
to  i  Srong  fight,  ah'd  opens  when  die  fight'  is*  faini 


r  «   «  > 


(    . 


©he  Fischer,  of  BWf&ti,  to  r'57 1, '  cfndeavotired 
tcr  account  fbr  the  phenomena  of  the  rainbow/  by  a 
double  reflexion  afiftf  ohe  refife<&bny  but  Antbiiib 
d£  Domihis,  whofe  rreatift  Was  publifhed*'  in  ion,  ' 
was  the  fiflft  ^hb'camfc  iteaV  to'  die  trirt*  tHebry.*  H5 
d£fer^s-  the  rp%rtfS  of  die  ttjr  of  Kgfctr  tKtoiigft 
eaeH dfc>i$  Af  tfce>!Hhg' Afti;  fie  tfitWs  thai  h  enteH 
tKe^pper  part  of  the  drtip,  wfte&  it  fufftrs  bite  re- 
ftkSS6ri  j  tHkt  tt  i*  reffe&ed  onte,  arid  then  refraft- 
edJ  a^flH}  fo  *  to'  cbttie  direAly  to  the  eye'  of  tW 
IptfflfetfdrV  tflfy  this'  refraftioh  flibtrfif  produce  the 
diflfcreht  cblddrs  was  riffenrecF  fbr  Si?  I.  Newton  to 
explain. 

Tht  latter  end  of  the  fixteenth  century  wa$  illufl 
frious  for  the  invention  of  tdefcopes.  It  is  general^ 
allowed  to  have  iiecn  cafual.  That  effect  of  refrac- 
tion, which  caufis  the  rays  of  light,  hrpaffing through 
'  a  deqfe  medium  thicker  in  the  rtiftfdte,  to'  con- 
verge (q  a  pointy  and  aHb'  that  which  takes  plac6 
•     '  •  L  4  when 
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"when  they  pais  through  one  thicker  at  tfa^  extre- 
mities, had  been  long  obfcrved*  and  die  alBftance 
which  convex  and  concave  glafles  afforded  to  the 
fight  had  brought  them  into  common  ufe.  The 
inventor  of  the  telefcope  is  not  certainly  known. 
The  mod  probable  account  is,  that  one  Zacharias 
Janfen,  a  fpe&acle  maker  of  Middlcburgh>  trying 
the  effett  of  a  concave  and  convex  gia&  united* 
found  that,  placed  at  a  certain  diftance  from  each 
other,  they  had  the  property  of  bringing  diftant  ob- 
je£bs  apparently  nearer  to  the  eye.  Telefcopes  were 
greatly  improved  by  Galileo,  who  made  one  to  mag- 
nify thirty-three  times,  and  with  this  he  made  all 
his  wonderful  agronomical  difcoveries. 

The  rationale  of  telefcopes  was,  however,  not  ex- 
plained  till  Xepler,  who  defcribed  the  nature  and 
the  degree  of  rcfra&ion,  when  light  pafled  through 
denfer  or  rarer  mediums,  the  furfaces  of  which  are 
convex  or  concave,  namely,  that  it  correfponds  to 
the  diameter  of  the  circle  of  which  the  convexity  or 
concavity  are  portions  of  arches.  He  fuggefted 
forpe  improvements  in  the  conftru&ion  of  telefcopes, 
which,  however,  were  left  to  others  to  put  in  prac- 
tice* 

To  the  Janfens  we  are  alfo  indebted  for  the  dif- 
covery  of  the  microfcope  j  an  inftrument  depending 
\ipon  exa&ly  the  fame  principles  as  the  former.  In 
fad,  it  is  not  improbable  that  the  double  l$ns  was 
firft  applied  to  the  obfervatioq  of  near  but  minute 
objefts,  and  afterwards,  on  the  fame  principles,  to 

obje&a 
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ebjeds  which  appeared  minute  on  account  of  their 
diftance. 

Much  attention  was  given  by  Kepler  to  the  in* 
veftigation  of  the  law  of  refra&ion ;  but  he  was  " 
able  to  advance  no  nearer  the  truth  than  the  obfer- 
yation,  that  ^yhen  the  incident  ray  does  not  make  an 
angle  of  more  than  thirty  degrees  with  the  perpen- 
dicular, the  refra&ed  ray  proceeds  in  an  angle  which 
is  about  two-thirds  of  it.  Many  difputes  arofe 
about  thtf  time  of  Kepler  (1600)  upon  this  fubjeft, 
but  it  appears  that  litde  was  effected  by  them  in  the 
cauft  of  truth. 

Kepler  was  more  fuccefeful  in  purfuing  the  dif- 
coveries  of  Maurolycus  and  B.  Porta.  He  de- 
monftrated  that  images  of  external  objects  were 
formed  upon  the  optic  nerve" by  the  foci  of  rays 
coming  from  every  part  of  the  objeft  *  he  alfo  ob- 
fervcd,  that  thefe  images  are  inverted ;  but  this  cir- 
cumftance,  he  fays,  is  re&ified  by  the  mind,  which, 
when  an  impreffion  is  made  on  the  lower  part  of 
the  retina,  confiders  it  as  made  by  rays  proceeding 
from  the  higher  parts  of  the  objeft.  Habit  is  fup- 
pofed  tp  reconcile  us  to  this  deception,  and  to  teach 
us  to  direft  our  hands  to  thofe  parts  of  objefts 
from  which  the  rays  proceed.  Tycho  Brahe, 
obferving  the  apparent  diminution  of  the  moon's 
dilk  in  folar  edipfes,  imagined  that  there  was  a 
real  diminution  of  the  dilk  by  the  force  of  the 
fun's  rays;  but  Kepler  laid,  that  the  diflc  of  the 
moon  does  not  appear  left  in  confequence  of  being  . 
unenlightened,  but  rather  that  it  appears  at  other 

times 
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«mts  larger  &an  it  reafly  is',  in  cbiiftqueifce  of  iti 
being  enlightened.  For  pencils  of  rays  from  flicfi 
dtftant  obje&s  generally  come  id  dfeir  fed  before 
fBey  reach  the  refina,  and  confequeritly  diverge  anff 
Ipread'  when  they  reach  it.  For  tKfc  realbri,  he  adds; 
different  perlbns  may  imagine  the  diflc  ibhi  df  <fiPi 
firrent  magnitudes,  according  to  tbe  rH&tive'  gc*9- 
iiefi  of  their  fight.  -  : 

In  the  fixte^nth  century  alfb  many  ittiptoVetftehti 
were  made  in  perfjie&ive  -,  the  ingehious  dfevtee/wr 
particular,  of  the  reformation  of  diftorted  fthagesty 
concave  or  convex  fpeculums  was  inWrittSd*  bat  it 
is  uhcertaih  by  whom. 

TKfc  true  law  of  refratfion  wai'  cfifetfvGrec}  by 
SneUius,  the  fnathematical  profcflbr  at  Leaden ;  but 
iot  living  to  complete  it,  the  difo)v*ry  >fras  pub- 
Kfhfcd  and  explained  by  Profeffi*  Hortert  fitiJ.  Soirie 
difcoveries  of  lefler  importance  were  mad*  at  this 
lime,  among  others  by  Defcartes,  Vh&  vGfy  clearly 
explained  tfaf  nature  and;caufe  of  the;  figure  of  the 
liinbow,  though  he  was  able  to  g$ve  ri&acttount  of 
rhe  colours  j  he  however  eonffderrfd  the  (mall  portion 
Af  water,  at  which  the  ray  iffurfsi  as  having  the  effect 
6f  a  prifrri,  Which  was  known  to  have  the  property 
©F  rendering  the  light,  which  was  tranfmitted  through 
it,  coloured 

In  1625,  the  curious  difcovery  of  Seheiner  was 
f xliibited  at  Rome,  which  a&ertairg  the-  fk6t,  that 
vifion  depends  upon  the  images  of  external  objefts 
upon  the  retina.  For  taking  the  eye  of  an  animal^ 
*nd  cutting  sway  the  coats  of  the  back  pact,  ami 

prefcming 
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preferring  diflfewfl*  oftfcflfs  fceftfre  »}'  h€  tiTpHfti 
tfreir  images  Aftfe&ly  painted  m  'the  ftiktM  retina 
or  optic  nerv&:    Tlte  faAie   phSfeftff)Rc?'  demon- 
ftraad  by  e*{S«1f!tefft,  fftaf  the  ptip?l '  «f  t?ht  iyt  is 
enlarged  }n  GPdfcr  ft>*  view  f  eftidte  dbjeflfe,  and  cbn- 
tva&ed  when  We- vfew  thofe  #Ricfr  are  hear,     £&! 
ftrewed*  that  tfce "  ptys  procteediftg  from  any  objeflt;1 
afnd  pafliftg  through  a  fmall  hble  in  a  j&ffeboard,* 
crofs  one  attbther  before  they  enter  the  eye ;  for  if* 
the  edge  of  a1  kflifd  te  hdd  on  the  fidtf  riextf  the  eyfe/ 
and  is  moved  alohg  tfft  it  in  paif  coders  the  hole,  if 
Wilt-  firft  conceal*  from  ri>fe  <ty*  that  putt  of  die  objeft1 
which  is  fituated  on  the  oppofite  fide  of  the  hole.     ' 
Towards  the  rtiiddle  of  the  fefreikeeritfi  ccntdry 
fhe  velocity  of  light-  tfas  difcdtfiftd  By  fbirte  mem-* 
Ibers  of  the  ft-oyal  Academy  of  Sciences  at  Farfe,* 
particularly  Cafml  and'  Koemeiy  By  obfefrliig  ifo- 
eclipfes-  of  Jupiter's. fatellites.    Abduc  the  lame  time  • 
Mr.  Boyle  itt&te  hfe  experiments  on  cbfouhr.     He1 
©roved  that  fiWtf  did  not  aflfea  the  dye  by  a-  native 
pot  refledted  light,  a  circumftahce'  wHk'h;  hbwevfei*, 
at  this  day,  We  ftbold  fiercely  btiKeve  was  ever  rie- 
ceflary  to'  be  proved  by  experiment.    By  admitting 
alfo  a  ray  of  light  into  a  dark  itodriv  and  letting  it 
fall  on  a  fheet  of  £&p£r,  h*  demoriftteted,  that  white 
reflected  mu£h  m6re  light  than" any  other  colour; 
and  to  prove  that  white  bodies  refleft  the  rays  out- 
wards,  he  adds,  that  common  burning-glanes  will 
not,  for  a  long \vhile,  burn" or*  difcolour  white  paper; 
on  the  contraty*  a  concave  mirror  of  blaek  marble 

did  not  reflect  the  rays  of  the  fun  with  near  fo  much 

• .  •    •      
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power  a*  a  common  concave  mirror.  The  fame 
e#e&  was  verified  by  a  tile,  one  half  of  the  furface 
of  which  was  white,  and  the  other  black. 

Some  experiments  were  made  about  this  time  on 
the  difference  of  the  refra&ive  powers  of  bodies ; 
and  the  firft  advance  to  the  great  difcovcries  by 
means  of  the  prifm  was  made  by  Grimaldi,  who  ob- 
ferved,  that  a  beam  of  the  fun's  light,  tranfmitted 
through  a  prifm,  inftead  of  appearing  round  on  the 
oppofite  wall,  exhibited  an  oblong  image  of  the  fun. 
Towards  the  clofe  of  this  century  the  reflecting  te- 
lefcope  was  invented  by  our  countryman  James 
Gregory. 

The  reader  will  foon  perceive  how  very  imper- 
fect all  the  preceding  difcovcries  were  in  compari- 
fon  with  thofe  of  Sir  L  Newton.  Before  his  time, 
little  or  nothing  was  known  concerning  colours  * 
even  the  remark  of  Grimaldi  refpe&ing  the  oblong 
figure  of  the  fun,  made  by  tranfmittrog  the  rays 
through  a  prifm,  was  unknown  to  our  great  philo* 
fopher,  having  been  publUhed  only  the  year  before 
This,  however,  it  appears,  was  the  firft  circumftance 
which  dire&ed  the  attention  of  Newton  to  the  in- 
veftigation  of  the  theory  of  colour?.  Upon  meafur- 
ing  the  coloured  image,  which  was  made  by  the 
light  admitted  into  a  dark  chamber  through  a 
prifm,  he  found  that  its  length  was  five  times 
greater  than  its  breadth.  So  unaccountable  a  cir- 
cumftance induced  Kim  to  try  the .  effeft  of  two 
prifms  i  and  he  found  that  the  light,  which  by  the 
firft  prifen  was  diffufed  into  an  oblong,  was  by  the 
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fecond  reduced  to  a  circular  form,  as  regularly  as  if 
it  had  palTed  through  neither  of  them.  After  iriany 
conjectures  and  experiments  relating  to  the  caufe 
of  thefe  phenomena,  he  at  length  applied  to  them 
What  he  calls  the  experimentum  cnicis.  He  took 
two  boards,  and  placed  one  of  them  dofe  to  the 
window,  fo  that  the  light  might  be  admitted 
through  a  fmall  hole  made  in  it,  and  after  parting 
through  a  prifm  might  fall  oil  the  other  board, 
which  was  placed  at  about  twelve  feet  diftance,  and 
in  which  there  was  alio  a  fmall  aperture,  in  ordef 
that  fome  of  the  incident  light  might  pais  through 
it.  Behind  this  hole,  in  the  fecond  board,  he  alio 
placed  a  prifm,  lb  that  the  light,  after  paffing  both 
the  boards,  might  fuffer  a  fecond  refraction  before 
it  reached  the  wall.  He  then  moved  Ac  firft  prifin- 
in  fuch  a  manner  as  to  make  the  feveral  parts  of  the 
image  caft  upon  the  fecond  board  pais  fuccefiively 
through  the  hole  in  it,  that  he  might  obferye  to 
what  places  on  the  wall  the  fecond  prifm  would 
refraft  them.  The  confequence  was,  that  the  co- 
loured light,  which  formed  one  end  of  the  image, 
fuffered  a  rcfra&ion  cQnfider?bly  greater  than  that 
at  the  other  end  j  in  other  words,  rays  of  light  of 
one  colour  were  more  refrangible  than  thofe  of  ano* 
ther.  The  true  caufe/  therefore,  of  the  length  of 
the  image  was  evident,  fince  it  was  proved  by  the 
experiment,  that  light  was  not  homogenial, .  but 
confifted  of  different  particles  or  rays,  which  were 
capable  of  different  degrees  of  refrangibility,  and  ac- 
cording to  which  they  are  tranfmitted  through  the 
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jmfoi  to  the  pppofite  wall.    If  waf  father  evident 
from  thefe  experiments,  that  as  the  ipys  of  lighr 
differ  in  refrangibility,  fo  they  alii?  differ  in  exhibit- 
ing p^rticpl^r   colours/  fome  rays  prbducing  tfc< 
colour  red,  other?  that  of  yellow,  blue,  &c.  and  qT 
thefe  difFerept>coloured  rays,  fepar^ped  by  means  of 
fhe  prifm  according  to  their  different  degrees  of  re- 
fiangibi}ity>  the  oblpng  figure  on  the  w*U  was  cqqi- 
poled.     But  to  relate  the  great  variety  of  experi- 
ments, by  which  he  demonftrated  thefe  principles* 
or  the  ex  ten  five  application  of  them,  would  lead  me 
poo  much  into  detail j  let  it  fuffice  to  fay,  that  he 
applied  hi§  principles  to  the  fatjsf^ory  expiration 
pf  the  f  olQurs  of  nafur  pi  bodies,  of  the  r^jpbow,  and 
of  mod  Qf  the  phenomena  of  nature,  where  light 
gnd  colour  are  concerned ;  and  that  alrnoft  every 
thing  which  we  at  prefent  Ifnow  upon  thefe  fubje&s 
Was  laid  open  by  his  experiments* 

His  obfervations  on  ;he  different  refra^ive  power? 
pf  different  fubftances  are  curious  and  profound  j 
but  chpmiftry  was  at  that  period  fcarcply  in  a  ftatd 
fufficiendy  advanced  to  warrant  all  his  conclufions* 
The  general  refult  is*  that  all  bodies  feem  to  have 
their  refra&ive  ppwers  proportional  to  their  denfi- 
ties,  excepting  fo  far  as  they  partake  more  or  lei* 
of  fulphureous  pf  oily  particles- 

The  difcoycry  pf  the  different  refrangibility  of  the 
component  rays  of  light  fuggefted  defedts  in  tfof 
conftru&ion  of  telefcopes*  which  were  before  un- 
thought  of,  and  in  the  creative  h^nd  of  a  Newton 
led  to  fome  go  lefs  extraordinary  improvements  \$ 

'  them. 
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jtjicxn.  It  is  eyjdle/it,  that  fince  the  rjys  of  light  are 
pf  different  refrangibilities,  the  more  refrangible  will 
^converge  to  a  focus  much  fopner  than  the  lels  rer 
frangible,  consequently  that  the  whole  beam  cannot 
Jbe  brought  to  a  focus  in  any  one  point,  fo  that  the 
focus  of  every  objeft-glafs  will  be  a  circular  fpace  of 
j:qnCcleraWe  dUpjeter,  namply,  about  one  fifcy.fiftJi 
pf the  ap^ertyre  of  the  telefcope.  Tp  remedy  this,  he 
a4ppted  Gregory's  idea  of  a  refleftor,  with  fuch  im- 
provements as  have  beep  the  hafis  of  all  the  preicop 
inftruments  of  this  kind* 

When  a  fcience  has  been  carried  to  a  certain  de- 
gf-ee  of  perfeftioq,  fubfequent  difeqveries  are  toq 
apt  to#be  confidered  as  of  .little  importance.  The 
real  philplbpher  will  not,  however,  regard  the  difT 
coveries  on  light  and  colours,  fince  the  rifiie  o^' 
Newton,  as  unworthy  his  attention.  By  a  mere 
accident,  a  very  extraordinary  property  in  fome 
bodies  pf  imbibing  light,  and  afterwards  emitting 
it  in  the  dark,  was  obferved.  A  fhoemaker  of 
Bolognia,  bejng  in  cjueft  of  fome  chemical  fecret* 
calcined,  among  other  things,  fbme  ftojn.es  of  a  par- 
ticular kind,  which  he  found  at  the  bottom  of 
Mount  Peterus,  ^ad  cafually  obfej-ved,  tfyat  wheij 
fhefe  ftones  were  carried  into  a  dark  place  ^ftet: 
having  been  expoled  to  the  lightr  they  po0efle4  4 
(elf- illuminating  power.  .Acc|deqt  afterwards  dif- 
<:oyere4  the  fame  property  in  other  fubftances- 
Baldwin  of  lylifnia,  diflblving  chalk  jii  agua-fortis^ 
found  that  the  refujuym,  after  diftillatjop,  exa&ljj 
ref?rabk4  ?he  Bologpian  ftonc   w  regaining  an4 

emitting 
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emitting  light,  whence  it  now  has  the  name  of 
Baldwin's  phofphorus;  and  M.  Du  Fay  obfrrvcd 
the  fame  property  in  all  fubftances  that  could  be 
reduced  to  a  calx  by  burning  dhly,  or  after  folution 
in  nitrous  acid.  Thefe  fads  feeoi  to  eftablifh  die 
materiality  of  light. 

Some  very  accurate  calculations  were  made  about 
the  year  1725  by  Dr.  Bradley*  which  afforded  a 
more  convincing  proof  of  the  velocity  of  light,  and 
the  motion  of  the  earth  in  its  orbit.    If  or  muft  we 
forget  M.  Bouguer's  very  curious  and  accurate  ex- 
periments for  afcertaining  the  quantity   of  light 
which  was  loft  by  redexion,  the  molt  dqcifive  of 
which  was  by  admitting  into  a  darkened  chamber 
two  rays  of  light,  one  of  which  he  contrived  flbould 
be  reflected,  and  the  other  fall  direft  on  the  oppofite 
wall  >  then  by  comparing  the  fize  of  the  apertures, 
by  which  the  light  was  admitted  (that  through 
which  the  direft  ray  proceeded  being  much  fmailer 
than  that  through  which  the  reflefted  ray  was  fuffered 
to  pals,  and  the  illumination  on  the  wall  being  equal 
in  both)  he  was  enabled  to  form  an  exa&  eftimate 
of  the  quantity  pf  light  which  was  loft.     To  prove 
the  fame  effedt  with  candles,  he  placed  himfelf  in  a 
room  perfeftly  dark,  with  a  book  in  his  hand,  and 
having  a  candle  lighted  in  the  next  room,  he  had  ic 
brought  nearer  to  him  till  he  could  juft  lee  the 
letters,  which  were  then  twenty -four  feet  from  the 
Candle.    He  then  received  the  light  of  the-  candle 
refle&ed  by  a  looking-glais  upon  the  book,  and  he 
found  the  whole  diftance  of  the  book  from  the 
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fourcc  of  the  light  (including  the  diftance  from  the 
book  to  the  looking-glafs)  to  be  only  fifteen  feet ;. 
whence  he  concluded,  that  the  quantity  of  diredfc 
light  is  to  that  of  refledted  as  576  to  225V  and 
fimilar  methods  were  purfued  by  him  for  meafuring 
the  proportions  of  light  in  general  •. 
•  The  fpeculations  of  Mr.  Melville,  concerning  the 
blue  fhadows  which  appear  from  opake  bodies  in 
Ac  morning  and  evening,  when  the  atmofphere  is 
lerene,  are  far  from  unintereftink.  Thefe  pheno* 
mena  he  attributes  to  the  powei-  which  the  atmo- 
fphere poflcfies  of  refle&ing  the  fainter  and  more  ' 
refrangible  rays  of  light,  the  blue,  violet,  &c.  ahd 
upon  this  principle  he  alfo  explained  the  blue  co- 
lour of  the  (ky,  and  fome  other  phenomena. 

The  fame  period  produced  Mr.  Dollond's  great 
improvement  in  the  cbnlVu&ion  of  telefcopes.  It 
cdnfifts  in  ufing  three  glafles  of  different  refraftive 
powers,  crown  and  flint  glafs,  which  correft  each 
other.  The  great  difperfion  of  the  rays  which  the 
flint- glafs  produces,  is  the  effedt  of  the  lead,  and  is 
in  proportion  to  the  quantity  of  that  metal,  which 
is  ufed  in  its  compofition,  Mr.  Martin  found  the 
refraftive  powers  of  different  glafles  to  be  in  pro- 
portion to  tl^cir  fpecific  gravity. 

'  Several  difcoveries  and  improvements  have  been 
made  fince  the  time  of  Newton  in  that  branch  of 
optics  which  relates  more  immediately  to  vifion  1 

•  See  an  accurate  defcription  of  M.  Bouguer'i  Inftxumentj, 
Prieftley'a  Hifl.  of  Optics,  Per.  vi.  £  7. 

Vol.  I.  M  but 
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but  thefe,  being  rather  foreign  to  the  chief  fubjeft  of 
this  chapter,  I  lhall  not  detail.  One  difcoveiy  only 
I  fhall  mention,  beeaufe  it  not  only  is  curious  in 
itfelf,  but  beeaufe  it  led  to  the  explanation  of  feveral 
circumftances  relating  to  vifion.  M.  De  la  Motre, 
a  phyfician  of  Dantzick,  was  endeavouring  to  verify 
an  experiment  of  Scheiner,  in  which  a  diftant  objeft 
appeared  multiplied  when  viewed  through  feveral 
IioW  made  v.-irli  the  point  of  a  pin  in  a  card,  not 
further  diftant  from  one  another  than  the  diameter 
of  the  pupil  of  the  eye;  but  notwithftanding  all  his 
labour,  he  was  unable  to  fucceed*  till  a  friend  hap- 
pening to  call  upon  him,  he  defired  hjm  to  make 
the  trial,  and  it  anfwered  pcrfe&ly.  This  friend 
was  fhort-  lighted >  and  when  he  applied  a  concave 
glafs  clofe  to  the  card,  the  obje&:>  which  feemed 
multiplied  before,  now  appeared  but  one. 

The  laft,  though  not  leaft  fuccefifal  adventurer 
in  this  branch  of  fcience,  is  Mr.  Delaval*  who*  in  a 
paper  read  before  the  Philofophical  Society  of 
Manchefter  in  1784,  has  endeavoured*  with  great 
ingenuity,  to  explain  the  permanent  colours  of 
opake  bodies.  The  majority  of  thofe  philofophers, 
who  have  treated  of  light  and  colours,  have,  he  ob- 
ferves,  fuppofed  that  certain  bodies  or  furfaces 
refledted  only  one  kind  of  rays,  and  therefore  ex- 
hibited the  phenomena  of  colours ;  on  the  con- 
trary, Mr.  Delaval,  by  a  variety  ©f*well  conducted 
experiments,  evinced,  that  colours  are  exhibited, 
not  by  refie&ed,  but  by  tranfmitted .light.  This  he 
proved  by  covering  coloured  glaflcs  and  other 
;  *  .  tranfparent 
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tranfparent  coloured  media,  on  the  further  furface, 
with  fome  fubftance  perfectly  opakc,  when  he  found 
they  reflefted  no  colour,  but  appeared  perfe&ly 
black.  *  He  concludes,  therefore,  as  the  fibres  or 
bates  of  all  vegetable,  mineral,  and  animal  fubftances 
are  found,  when  cleared  of  heterogeneous  matters, 
to  be  perfe&ly  white,  that  the  rays  of  light  are  in 
fa6t  refre&cd  from  thefe  white  particles,  through 
coloured  media,  with  which  they  are  covered ;  that 
thefe  media  ferve  to  intercept  and  impede  certain 
rays  in  their  paffage  through  them,  while,  a  free 
paffage  being  left  to  others,  they  exhibit,  according 
to  thefe  circumftances,  different  colours.  This  he. 
iltaftrates  by  the  faft  remarked  by  Dr.  Halley,  who, 
in  diving  deep  into  the  fea,  found  that  the  upper 
part  of  his  hand,  when  extended  into  the  water  from 
the  diving  belli  reflefted  a  'deep  red  colour*  while 
the  under  part  appeared  perfeftly  green.  The  con- 
dufion  is,  that  the  more  refrangible  rays  were  inter- 
cepted and  reflfc&ed  by  particles  contained  in  the 
lea-water,  and  were  confequently  reflefted  back  by 
the  under  part  of  the  hand;  while  the  red  rays,  which 
weit  permitted  to  pafs  through  the  water,  were  in 
the  fame  manner  reflcdted  by  the  upper  part  of  the 
hand,  which  therefore  appeared  of  a  red  rofe  colour. 
Thofe  media,  our  author  thinks,  tranfmit  coloured 
light  with  the  gre?teft  ftrength  which  have  the 
ftrongcft  refra&ivc  power. 
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Chap.     II. 

OP    THE   NATURE   OF   LIGHT. 

Various  Opinions  on  the  Adion  of  Light  .—Theory  of  a  wbrptimg 
Medium  \  fupported  by  Defcartcs>  &c<— Objections  to  this  Ybeery. 
—  Light  conftfts   of  infinitely  minute    Particles  projeSed  fr 
the  luminous  Body.— Inquiry  receding  the  Identity   of  Lig 
mnd  Fir*.— Experiments  of  Mr.  Boyle*— Why  Light  is  not  ml~ 
ways  accompanied  <witb  Heat.— Velocity  of  Light*— Light  ahways 
moves  in  Right  Lines.— 'Rarity  of  Light.— Force  or  Momentum 
of  Light.— Mite  be  Ws  Experiment.— Inquiry  bow  far  the  Sum*s        7 
'Magnitude  is  dimmijhed  by  the  Emiffion  of  Light.— Light  fuljeS 
to  the  ordinary  Laws  of  Nature.— Light  at  traded  by  the  Behg- 
nian  Fhojphori.— The  fame  Property  in  Diamonds  9  and  other  Pre* 
cious  Stones.— Refrafi  ion  of  Light  .—Reflexion.— Theory  of  Co- 
lours. 

NUMEROUS  opinions  have  fucceffively 
been  adopted  concerning  this  wonderful 
fluid.  It  has  been  fometimes  confidered  as  a  dif- 
tinft  fubftanc£,  fometimes  as  a  quality,  fometimes 
as  a  caufe,  frequently  as  an  effect ;  by  fome  regarded 
as  a  compound,  and  by  others  as  a  fimple  fubftance. 
Des  Cartes  and  other  philofophers  of  high  repute 
have  imagined  that  the  fenfation  which  we  receive 
from  light  is  to  be  attributed  entirely  to  the  vibra- 
tions of  a  fubtile  medium,  or  fluid,  which  is  diffufed 
throughout  the  univerfe,  and  which  is  put  into  ac- 
tion by  the  impulfe  of  the  fan.    In  (his  view  they 
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confider  light  as  analogous  to  (bund,  which  is  known 
to  depend  entirely  on  the  pulfations  of  the  air  upon 
the  auditory  nerves  j  and  in  fupport  of  this  opinion, 
it  has  been,  even  lately  urged*,  ift.  That  fome 
diamonds,  on  being  rubbed  or  chafed,  are  luminous 
in  the  dark.  ad.  That  an  eledtric  fpark,  not  larger, 
but  much  brighter,  than  the  flame  of  a  candle,  may 
be  produced,  and  yet  that  no  part  of  the  eledlric 
fluid  is  known  to  efcape,  in  fuch  a  cafe,  to  diftantv 
places,  but  the  whole  proceeds  in  the  direftion  to 
which  it  is  deftined  by  the  hand  of  the  operator* 
Weaker  or  ftronger  fparks  of  this  fluid  are  alfb 
known  to  differ  in  colour  $  the  ftrongeft  are  whit* 
and  the  weakeft  red,  &c. 

To  this  opinion,  however,  there  are  many  prefling 
and,  indeed,  infurmountable  objeftions.  ift,  The  ve- 
locity of  found  bears  a  very  fmall  proportion  to  that 
of  light.  Light  travels,  in  the  fpace  of  eight  minutes* 
a  diftance  in  which  found  could  not  be  communi- 
cated in  feventeen  years ;  and  even  our  fenfes  may 
convince  us,  if  we  attend  to  the  explofion  of  gun- 
powder, &c.  of  the  almoft  infinite  velocity  of  the 
one  compared  with  that  of  the  other,  adtyy  If 
light  depended  altogether  on  the  vibrations  of  z, 
fluid,  no  folid  rcafon  can  be  afligned  why  this 
fluid  lhould  ceafe  to  vibrate  in  the  night,  fince  the 
fun  muft  always  afle£t  fome  part  of  the  circumam- 
bient fluid,  and  produce  a  perpetual  day.  3dly,  The 

*  gee  Dr.  Franklin's  works ;  and  ProfefTor  Boudoin't  Me- 
\jnakV    Tranfattions  of  America*  Academy*  Vpl.  i» 
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artifice  of  candles,  lamps,  8rc.  would  be  wholly  un- 
necefiary  upon  this  hypothefis,  fince,  by  a  quick  mor 
tion  of  the  hand,  or  of  a  machine  contrived  for  this 
purpofe,  light  might  on  all  occafions  be  eafily  pro- 
duced.    4thly,  Would  not  a  ray  of  light,  admitted 
through  a  fmall  aperture,  ppt  in  motion,  according 
to  this  theory,  the  whole  fluid  contained  in  a  cham- 
ber.   In  fadt,  we  know  that  light  is  propagated  only 
in  right  lines,  whereas  found,  which  depends  upon 
vibration,  is  propagate  J  in  every  dire&ion.      5thly, 
The  reparation  or  extenfion  of  the  rays,  by  means  of 
the  prifm,  can  never  be  accounted  for  by  the  theory 
of  a  vibrating  medium.    6thly,  The  texture  of  many 
bodies  is  a&ually  changed  by  expofure  to  the  light. 
The  juice  of  a  certain  fhell-fifh  contradts,  it  is  well 
known,  a  very  fine  purple  colour,  when  permitted 
to  imbibe  the  rays  of  the  fun;   and  the  ftronger  the 
light'  is  the  more  perfedt  the  colour.  ^Pieces  of 
cloth  wetted  with  this  fluid  become  purple,  even 
though  inclofed  in  glafs,  if  the  fdlar  light  only  is  ad- 
mitted ;  but  the  effect  is  totally  excluded  by  the  in- 
tervention of  the  thinneft  plates  of  metal,  which  ex- 
clude the  light.     Some  of  the  preparations  of  filver 
alfo,  fuch   as  luna   cornea,   wjll  remain  perfe&Iy 
white,  if  covered  from  the  light,  but  contradfc  a 
dark  purple  colour  when  expofed  to  it ;  and  even 
the  colour  of  plants  is  derived  from  the  light,  fince 
a  plant  which  vegetates  in  darknefs  will  be  perfedly 
white.     As  colour  is  imparted  by  light,  fo  it  is  alfo 
deftroyed  by  it.     It  muft  have  fallen  within  the  ob- 
fervation  of  every  reader,  that  filks,  and  other  ftufls 
I  of 
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of  delicate  colours,  are  greatly  affe&ed  by  the  aftion 
of  light.  Experiments  have  been  made  upon  the 
fame  fluffs  by  expofing  them  to  bbth  heat  and 
moifture  in  the  dark,  and  alfo  by  expofing  them  to 
the  light  in  the  vacuum  of  an  air  pump,  and-  it  was 
found  by  all  thefc  experiments,  that  the  change  of 
colour  was  to  be  afcribed  to  the  aftion  of  light*. 
7thly,  With  refpeft  to  the  emiffion  of  light  by  dia- 
monds and  other  (tones,  it  is  eafily  accounted  for 
upon  other  principles ;  and  the  arguments  founded 
upon  the  deftric  fpark  not  being  fenfibly  diminished 
will  meet  with  a  fatisfa&ory  folution  by  confidering 
the  extreme  rarity  of  light,  and  the  minutenefs  of 
its  particles. 

It  is,  therefore,  almoft  univerfally  agreed  by  the 
moderns,  that  light  confifts  of  a  number  of  extjemely 
minute  particles,  which  are  aftually  pfojefted  from 
the  luminous  body,  and  aft  by*  their  projeftile  force 
upon  our  optic*  nerve.  Concerning  the  nature  of 
thefc  particles,  or  rather  of  the  matter  of  which  they 
confift,  there  is  lefs  unanimity  in  the  philofophical 
world. 

It  is  an  opinion  fupported  by  the  moft  refpeftable 
n^mes,  that  light  is  a  fubftance  perfeftly  diftinft 
from  the  matter  of  fire,  and  which  excites  ignition ' 


•  « 


It  was  conje&ured  by  fome,  that  the  rays  of  % the  fun  dif- 
perfed  thofe  parts  of  the  bodies  on  which  colours  depended ;  bat 
Bonzius  obferved,  that  when- ribbons  were  expofed  on  whit« 
paper,  the  colours  vanifhed  from  both  their  fides,  but  that  no- 
thing could  be  found  near  the  places  where  they  had  lain." 
Prieftkfs  Qptia,  381. 

M  4  when 
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when  concentrated  by  a  burning  glafs,  merely  by  its 
mechanical  force  upon  the  matter  of  heat.    Other* 
of  equal  eminence  have  contended,  that  light  is  no 
other  than  fire  in  a  proje&ile  date.   Fire,  according 
to  thefe  philofophers,  is  produced  by  the  accumula- 
tion or  concentration  of  the  particles ;  light  is  the 
effeft  of  the  rapid  projc&ile  motion  of  the  fame  par- 
ticles.    Fire  or  heat  may  therefore  exift  to  a  con- 
fiderable  degree,  as  it  is  found  to  do  occafionally  in 
metallic  bars,  without  being  fufficiently  difengaged 
to  affume  the  projedtile  ftate,  and  to  be  forcibly 
emitted  or  projefted  from  the  burning  body.     The 
fame  matter  may  alfo  exift  in  its  adi^e  and  pro- 
jeftile  ftate,  or,  in  other  words,  in  the  form  of  light, 
but  too  much  diffufed  to  produce  the  fenfation  of 
burning,  or  to  effedt  the  diflblution  of  any  body,  or 
the  feparation  of  its  parts  by  combuftion.     To  the 
great  elafticity  of  the  matter  of  fire,  fo  obvious  in  all 
the  phenomena  of  fluidity,  both  thefe  effe&s  are 
afcribed.     When  a  quantity  of  this  matter  is  intro- 
duced  into  any  folid  body,  the  rcpulfion  which 
exifts  between  its  particles  will  occalion  the  diflblu- 
tion of  that  body;  and  when  it  becomes  perfectly 
free  and  difengaged,  the  fame  rcpulfion  will  cauie  a 
quantity  of  its  particles  to  be  emitted  with  a  rapid 
projeftile  force,  and  will  produce  the  effefts  of 
light  *.     The  light  of  the  fun  is  confidered  as  u  the 
fame  matter  propelled  by  the   fame  powers,  in 

greater 

*  *  When  we  confider  that  the  elallkity  of  aeriform  fluids,  is . 
fewing  to  the  matter  of  fire ;  that  a  cannon  ball  is  propelled 

only 
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greater  quantity  and  with  greater  vigour  V  The 
atmofphere  through  which  light  has  to  pafs  in  pro- 
ceeding from  the  fun  to  us  is  in  all  probability  of 
infinitely  greater  purity  than  ours,  and  confequently, 
according  to  the  laws  of  morion,  the  proje&ile 
force  of  the  rays  of  light  is  very  little  diminiihed  in 
their  paflage  from  the  great  fource  of  both  light  and 
fire. 

The  theory  which  is  here  advanced  appears  a> 
reft  chiefly  on  the  great  faft  of  the  fun's  rays,  when, 
concentrated  by  a  burning  glafe,  producing  all  the 
phenomena  and  effe&s  of  elementary  fire*  There 
are,  however,  other  fa6ts  which  countenance  the 
opinion.  Sir  Ifaac  Newton  obferves,  that  all  bodies, 
when  heated  beyond  a  certain  degree,  emit  light, 
and  fhine.  *  Light  alio  accompanies  the  ele&ric  fire, 
whenever  it  exifts  in  a  difengaged  or  proje&ile  ftate. 

only  by  the  excefs  of  the  repellant  powers  of  parts  of  this  matter, 
above  the  forces  with  which  they  are  attracted  by  the  grofs  parts 
of  gunpowder,  or  of  the  airs  emitted  during  the  deflagration  of 
it;  that  the  velocity  of  the  ball  is  incomparably  lefs  than  it 
would  be  if  it  were  {hot  through  an  unrefifting  medium ;  and 
that  even  this  latter  velocity  would  be  an  inadequate  reprefen- 
tation  of  that,  with  which  the  parts  of  the  fiery  matter  are  (hot 
forth,  in  the  &r&  inftant  of  their  liberation  from  the  combuftible 
body  which  held  them  clofely  approximated ;  we  find  the  natu- 
ral powers  already  defcribed,  fufficient  in  themfelves,  for  the 
projection  of  thefe  parts,  with  all  the  velocity  experienced  in 
the  light  of  flaming  bodies  on  earth,  and  to  every  distance  at 
which  it  has  been  perceived.' 

Higgins**  Experiments  and  Obfewations,  p.  33$. 

**■ 
*  Higgins'j  Experiment*  and  Obfervations,  p.  339. 

The 


1 70  Why  Light  does  not  always produce  Heat. [Book  III. 

The  abforption  of  light  by  the  darker  colours  is  alfo 
found  to  have  an  extraordinary  effedt  in  the  pro- 
duction of  heat ;  but  the  experiments  to  this  effbft 
have  been  already  related*. 

That  light  (or  more  properly  according  to  this 
theory,  the  matter  of  fire)  does  not  always  produce 
a£tual  heat,  is  accounted  for  from  the  minutenefs  of 
the  particles,  and  the  extreme  rarity  which,  from  its 
srepulfive  principle,  the  fluid  is  enabled  tocaflume.  It 
was  before  ftatcd  that  light  muft  be  exceedingly  con- 
centrated to  produce  ignition.  A  plane  mirror  re- 
fledts  the  light  in  too  diftiifed  a  ftate ;  but  a  concave 
mirror  colle&s  and  converges  the  particles  to  a 
point,  and  is  therefore  capable  of  producing  igni- 
tion j  and  yet  we  have  feen  that  the  light  of  the 
moon  will  not,  in  the  moil  condenfed  ftate,  produce 
the  leaft  degree  of  heat,  though  the  moft  delicate' 
thermometers  fhould  be  employed.  The  light 
which  is  emitted  by  putrefcent  fubftances,  by  the 
glow-  worm,  and  fome  other  infefts,  is  analogous  to 
the  light  of  the  moon  in  this  refpedt  $  it  is  of  too  faint 
and  rare  a  nature  to  produce  heat  or  ignition.  In 
the  fame  manner,  when  the  rays  of  light  pafs  through 
a  tranfparent  medium,  they  fucceed  each  other  at 
an  immenfe  diftance  f.  If,  therefore,  the  rays  con- 
centrated by  the  moft  powerful  burning  glais  are 
made  to  pafs  through  a  phial  containing  fpirits  of 
wine,  or  through  any  other  tranfparent  inflammable 
fubftance,  the  latter  will  not  be  fet  on  fire  j  but  if 

- '  •  Sec  p.  76.  +  That  of  j, 000  miles. 

there 
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there  is  any  opake  body  (as  a  fpoon  or  other  veffel) 
placed  under  the  fpirit  or  the  tranfparent  body,  which 
by  abforbing  may  ferve  to  accumulate  the  particles 
of  light,  the  fpirit  or  inflammable  matter  will  be  im- 
mediately inflamed.  Conformably  to  thefe  princi- 
ples it  is  found,  that  the  atmofphere  is  not  warmed 
by  the  mere  paflage  of  the  fun's  rays  through  it,  but 
.chiefly  by  the  heat  which  is  colledted  by  the  earth, 
^nd  which  is  thence  imparted  to .  the  air.  Thus 
the  air,  at  the  fummits  of  high  mountains,  is  always 
cold,  becaufe  they  are  too  much  elevated  above  the 
general  furface  of  the  earth  to  derive  any  confider- 
able  advantage  from  this  circumftance. 

When  thefe  fafts  are  fairly  cortfidered,  the  fyftcm 
which  fuppofes  light  to  be  a  modification  of  the 
matter  of  fire,  or  a  combination  of  that  element 
with  fome  unknown  principle,  muft  be  allowed  to 
£>e  at  lead  probable.  It  has  however  been  cuftomary 
to  confider  diftinftly  the  properties  of  light,  without 
a  reference  to  its  analogy  with  the  matter  of  fire,  and 
in  tbi§  mode  it  will  be  neceflary,  on  the  prefent  oc- 
cafion,  to  proceed.  -   . 

The  firft  remarkable  property  of  light  is  its 
amazing  velocity.  In  the  fhort  fpace  of*  one 
Jecond  a  particle  of  light  traverfes  an  extent  of  oke 
hundred  and  Jeventy  thoufand  miles  *,  which  is  fo 
much  fwifter  than  the  progrefs  of  a  cannon  ball, 
that  the  light  is  enabled  to  pafs  a  fpace  in  about 
eight  minutes,  which  could  not  be  pafied  with  the 

* 

•  Nicholfon's  Phil.  voL  i,  p.  258. 
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ordinary  velocity  of  a  cannon  ball  in  lefs  than  thirty- 
two  years  *.  The  velocity  of  light  is  alfb  found 
to  be  uniform,  whether  it  is  original,  as  from  the 
ftars,  or  refle&ed  only,  as  from  the  planets. 

The  mode  of  calculating  the  velocity  of  light  is 
a  branch  of  aftronomy  rather  than  of  natural  hif-  t 
tory.  It  will  fuffice  therefore  in  this  place  to  re- 
mark, that  by  mathematical  obfervations  made  upon 
the  tranfits  of  Venus  in  176 1  and  1769,  the  diame- 
ter of  the  earth's  orbit  was  found  to  be  about 
163,636,800  geographical  miles.  When,  therefore, 
the  earth  happens  to  be  on  that  fide  of  her  orbit 
which  is  oppofite  to  Jupiter,  an  eclipfe  of  his  fatel- 
Ktes,  or  any  other  appearance  in  that  planet,  is  ob- 
fcrved  to  take  place  fifteen  or  fixceen  feconds  later 
than  it  would  have  done  if  the  earth  had  been  oq 
that  fide  of  her  orbit  which  is  neareft  to  Jupiter  f. 
From  the  very  accurate  obfervations  of -Dr.  Bradley, 
it  appears  that  the  light  of  the  fun  paffes  from  that 
luminary  to  the  earth  in  eight  minutes  and  twelve 
feconds. 

The  next  property  of  light,  to  which  it  is  pro- 
per to  advert,  is,  that  it  is  detached  from  every 
kiminous  or  viable  body  in  all  direftions,  and  con- 
stantly moves  in  right  lines.  It  is,  evident  that 
the  particles  of  light  move  continually  in  right 
lines,  fince  they  will  not  pafs  through  a  bende4 

•  Nicholfon's  Phil.  vol.  i.  p.  257. 

f  See  Newton's  Optics,  1.  ii.  p.  3.  prop.  11.  Prieftley'i 
Optics,  p.  140.     Nicholfon's  Phil,  vol.  i.  p.  136. 
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tube,  and  fince  if  a  beam  of  light  is .  in  part  inter- 
cepted by  any  intervening  body,  the  fhadow  of  that 
body  will  be  bounded  by  right  lines  palling  from 
the  luminous  body,  and  meeting  the  lines  which 
terminate  the  interceding  body.  This  being  granted, 
it  is  obvious,  that  the  rays  of  light  mud  be  emitted 
from  luminous  bodies  in  every  direction,  fince, 
whatever  may  be  the  diftance  at  which  a  fpedator 
is  placed  from  any  vifible  objcft,  every  point  of 
the  furface  which  is  turned  towards  him  is  vifible 
to  him,  which  could  not  be  upon  any  other  prin- 
ciple. 

The  raritv  of  light,  and  the  minutenefs  of  its 
particles,  are  not  lefs  remarkable  than  its  velocity. 
If  indeed  the  Creator  had  not  formed  its  particles 
infinitely  fmall,  their  exceflive  velocity  would  be 
deftru&ive  in  the  higheft  degree.  It. was  demon- 
ftrated,  that  light  moves  about  two  million  of  times 
as  fad  as  a  cannon  ball  *•  The  force  with  which 
moving  bodies  ftrike,  is  in  proportion  to  their 
mafles  multiplied  by  their  velocities;  and  confe- 
quently  if  the  panicles  of  light  were  equal  in  bulk 
to  the  two  millioneth  part  of  a  grain  of  land,  wc 
fhould  be  no  more  able  to  endure  their  impulfe 
than  that  of  fand  (hot  point  blank  from  the  mouth 

•  A  cannon  ball  flies  with  a  velocity  of  about  a  mile  in 
eight  feconds.  Nicholfon's  Phil.  vol.  i.  p.  257.  Daring  the 
late  fiege  of  Gibraltar,  there  were  two  boys,  who  ufed  to  be  (la* 
tionedon  the  works,  and  whofe  quick  fight  enabled  them  to 
give  notice  to  the  workmen  of  the  approach  of  a  ball  from  the 
enemy's  works,— Drinkwattr's  Gib. 

of 
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of  a  cannon  *•  The  minutenefs  of  the  rays  of  light 
is  alio  demonftrable  from  the  facility  with  which  they 
penetrate  glafs,  cryftal,  and  other  folid  bodies,  which 
have  their  pores  in  a  re&ilinear  dire&ion,  ami  that 
without  the  fmalleft  diminution  of  their  velocity, 
as  well  as  from  the  eircumftance  of  their  not  being 
able  to  remove  the  fmalleft  particle  of  microfcopic 
duft  or  matter  which  they  encounter  in  their  pro- 
gress. A  further  proof  might  be  added,  that  if  a 
candle  is  lighted,  and  there  is  no  obftacle  to  ob- 
ftruft  its  rays,  it  will  fill  the  whole  Ipace  within  two 
miles  around  it  almoft  inftantaneoufly,  and  before  it 
has  loft  the  leaft  fcnfible  part  of  its  fubftance  f. 

To  the  velocity  with  which  the  particles  of  light 
are  known  to  move  may,  in  a  great  meafure,  be 
attributed  the  extreme  rarity  and  tenuity  of  that 
fluid.  It  is  a  well-known  fad,  that  the  effeft  of 
light  upon  (he  eye  is  not  inftantaneous,  but  conti- 
nues for  a  confiderable  time  J.  Now  we  can  fcarcely 
conceive  a  more  minute  divifion  of  time  than  the 
one  hundred  and  fiftieth  part  of  a  fecond.  If,  there* 
fore,  one  lucid  point  of  the  fun's  furface  emits  one 
hundred  and  fifty  particles  of  light  in  one  (econd, 
We  may  conclude  that  this  will  be  fufficient  to  af- 
ford light  to  the  eye  without  any  feeming  inter- 
miffion  i  and  yet,  fuch  is  the  velocity  with  which 
light  proceeds,  that  ftill  thefe  particles  will  be  at 

#  Nicholfon's  Pl*il.  toL  i.  p.  257. 
f  Enfield's  Phil.  131. 

X  Nicholfon's  Phil.  vol.  i.  p.  25$. 
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leaft  one  tboujcmd  miles  diftant  from  each  other*. 
If  k  was  not  indeed  for  this  extreme  tenuity  of  the 
fluid,  it  would  bfe  impoffible  that  the  particles  fhould 
pafs,  as  we  know  they  do,  in  all  directions  without* 
interfering  with  each  other.  In  all  probability  the 
fplendour  of  all  vifible  objects  may  be  in  proportion 
to  the  greater  or  lefs  number  of  particles,  which  are 
emitted  or  refle&ed  from  their  furface'  in  a  given 
(pace  of  time;  and  if  we  even  fuppofe  three  hundred 
particles  emitted  fucceffively  from  the  fun's  furface 
in  a  fingle  fecond,  ftill  thefe  particles  will  follow 
each  other  at  the  immenfe  diftance  of  above  five 
hundred  miles* 

That  light  is,  however,  not  deftitute  of  Force  or 
Momentum,  has  been-  proved  by  the  experiment  of 
Mr.  Mitchel,  already  mentioned  f.  On  that  experi- 
ment the  following  calculation  is  grounded.  If  the 
inftrument  weighed  ten  grains,  and  the  velocity  with 
which  it  moved  was  one  inch  in  a  fecond,  the  quan- 
tity of  matter  contained  in  the  rays  which  fell  upon 
the  inftrument  in  that  time  was  equal  to  the  twelve 
hundred  millioneth  part  of  a  grain ;  the  velocity  of  ' 
light  exceeding  the  velocity  with  which  the  inftru- 
ment moved  in  that  proportion.  The  light  in  this 
experiment  was  collected  from  a  furface  of  about 
three  fquare  feet,  which  refle&ing  only  half  what 
.  falls  upon  it,  the  quantity  of  matter  contained  in  the 
rays  of  the  fun  incident  upon  a  fquare  foot  and  half 
of  furfece  is  no  more  than  one  twelve  hundred  mil- 

*  Prieftlay's  Optics,  p.  385.  f  See  p.  73. 
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fioneth  part  of  a  grain.  But  the  denfity  of  die  rays 
of  light  at  the  fur  face  of  the  fun  is  greater  than  at 
l^ie  earth  in  the  proportion  of  45,000  to  1.  There 
ought  therefore  to  ifliie.from  one  fquare  foot  of 
the  fun's  furface  in  one  fecond  Tir^g.th  part  of  a 
grain  of  matter  to  (upply  the  confumption  of  light; 
that  is  at  the  rate  of  a  little  more  than  two  grains 
a  day,  or  about  4,752,000  grains,  or  670  pounds 
in  6,000  years,  which  would  have  fliortened  the 
fun's  diameter  about  ten  fcct^  if  it  was  formed  of 
matter  of  the  denfity  of  water  only  *. 

Thus  we  fee  there  are  little  grounds  for  any  rea- 
fonable  apprehenfions  concerning  the.  body  of  the 
fun  becoming  exhaufted  by  the  confumption  or 
wafte  of  the  matter  of  light,  if  the  immenfity  of  his 
.diameter  (878,808  Englifti  miles)  is  confide  red. 
It  is,  however,  not  impolfible  that  there  are 
means  by  which  the  fun  may  be  enabled  to  receive 
back  again  a  part  of  that  light  or  fire  which  he  is 
continually  emitting;  it  is  not  impoffible  that  this 
world,  and  the  other  planets,  may  have  a  power  of 
reflecting  back  a  certain  portion  of  their  light  with- 
in the  Iphere  of  the  fun's  attra&ion,  or  that  the  fixed 
ftars  or  funs  may  have  fomc  power  of  replenishing 
one  another.  After  all,  we  have  no  right  to  fuppofc 
our  world,  or  the  fyftem  of  which  it  makes  a  part, 
defigned  for  an  eternal  duration;  its  exiftence  is 
doubtlefs  proportioned  to  the. ends  which  were  in- 
tended to  be  accomplished  in  it  -,  but  with  refpeft  to 

*  Elieftley's  Optics,  p.  389. 
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the  period  of  its  termination,  there  is  no  chain  of* 
motel  or  phyfical  reafonkag  which  appears  to  conduct 
to  any  fatisfa&ory  concluQon. 

Notwithftanding  the  minutenefe  of  the  particles 
of  light,  and  the  amazing  velocity  with  which  they 
are  projected*  they  are  found,  by  a  variety  of  cxpe* 
rimentSj  to  be  fubjeft  to  the  fame  laws  of  attrac- 
tion and  repulfion  that  govern  all  other  bodies- 
On  this  principle  the  majority  of  philosophers  have 
explained  the  phenomena  of  the  Bolognian  ftonc, 
and  what  are  called  the  folar  phofphori. 

The  difcov'ery  of  the  Bolognian  phofphorus,  as 
related  by  Mr.  Lemery,  ha$  already  been  detailed. 
The  property  ofimbibing  and  emitting  light  is  not, 
however,  confined  to  one  fpecies,  but  i*  common  to 
*H  the  varieties  of  that  mineral,  which  is  called  pon*. 
derous  fpar. 

The  light  which  they  emit  bears  an  analogy  to 
that  which  they  have  imbibed.  In  general,  the  illu- 
minated phofphorus  is  red  $  but  when  a  weak  light 
has  been  admitted  to  it,  or  when  it  has  been  re- 
ceived through  pieces  of  white  paper,  the  emitted 
light  is  of  a  pile  white  *. 

It  has  been  already  remarked  f,  that  an  artificial 
phofphorus  may  be  obtained  from  all  fubftances  * 
V/hich  can  be  reduced  to  a  calx  by  burning- only,  or 
by  foltition  in  the  nitrous  acid.  Some  diamonds, 
however,  as  well  as  emeralds  $md  other  precious 
ftones,  are  fouhd  to  have  the  fanie  property  without 

*  Priellley's  Optics,  p.  363,  364.  *  f  See  Chap.  I. 
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any  chemical  preparation ;  and  a  diamond  has  been 
known  to  retain  its  virtue  of  emitting  light,  after 
being  buried  in  wax  fix  hours  *•  In  fa£t,  Beccaru 
has  obferved,  that  almoft  all  natural  bodies  have  the 
power  of  imbibing  light,  and  of  emitting  it  in  die 
dark.  To  metals  and  water,  however,  he  could  not 
communicate  the  flighted  degree  of  this  property; 
but  he  found  that  although  water  in  its  fluid  fate 
could  not  be  made  to  fhine  in  the  dark,  ice  and 
fnow  had  this  property  in  a  remarkable  degree  f. 

The  light  which  is  emitted  from  putrid  fubftances 
and  rotten  wood,  alio  that  of  ignes  fatui,  and  other 
fimilar  meteors,  proceeds  from  a  different  caufe, 
and  will  be  explained  in  another  part  of  this  work, 
to  which  the  fubjeft  more  properly  appertains. 

To  the  principle  of  attra&ion  Newton  has  alio 
referred  one  of  the  molt  extraordinary  phenomena 
of  light ;  that  on  which  the  fcience  of  optics,  ftri&iy 
ipeaking,  principally  depends,  and  on  which  moft 
of  the  optical  inftruments  in  ufe  are  conftru&cd; 
I  ipeak  of  what  is  called  the  Refraction  of  light, 
or  that  deviation  or  bending  which  its  rays  fuffer  in 
paffing  obliquely  out  of  one  medium  into  another, 
fuch  as  out  of  air  into  water,  glafs,  &c. ;  but  this 
refra&ion  can  be  obferved  in  paffing  through  trans- 
parent mediums  only.     TKefe  mediums,  whether 

•  Prieftley's  Optics,  p.  367. 

t  Prieftley's  Optics,  p.  368,  369,  370.  The  nature  of  thefe 
phofphori  will  be  explained  more  at  large  under  their  proper 
head,  in  Book  VI.  Chap.  35. 
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folid  or  fluid,  muft  be  confidered  as  mafles  whole 
pores,  placed  in  right  lines  in  all  directions,  are 
either  full  of  the  matter  of  light,  according  to  the 
opinions  of  Defcartes  and  Huyghens,  or  they  are  fo 
conftni&cd  as  to  permit  the  light  to  pafs  in  right 
lines,  according  to  Newton. 

There  are  two  circumftances  to  be  confidered  in 
the  paffage  of  the  rays  of  light  out  of  one  medium 
into  another :  Firft,  the  nature  of  the  medium  5 
fecondly,  the  obliquity  of  the  rays  tor  the  plane 
which  feparatcs  the  two  mediums. 

1 .  The  denfer  the  refradling  medium,  or  that 
into  which  the  ray  paffes,  is,  the  greater  will  be  its 
refra&ing  power  *  and  of  two  refradting  mediums 
of  the  fame  denfity,  that  which  is  of  a  fat  or  inflam- 
mable nature  will  have  a  greater  refracting  power 
than  the  other. 

2.  The  angle  of  refraftion  depends  on  the  obli- 
quity of  the  rays  falling  on  the  refracting  furface. 
being  fuch  always  that  the  fine  of  the  incident  angle 
is  to  the  fine  of  the  refra&cd  angle  in  a  given  pro- 
portion* 

The  incident  angle  is  the  angle  made  by  a  ray  of 
light,  and  a  line  drawn  perpendicular  to  the  refra<3> 
ing  furface  at  the  point  where  the  light  enters  the 
furface ;  and  the  refraded  angle  is  the  angle  made 
by  the  ray  in  the  refra&ing  medium  with  the  fame 
perpendicular  produced.  The  fine  of  the  angle  is  a 
line  which  ferves  to  meafure  the  angle,  being  drawn 
from  a  point  in  one  leg  perpendicular  to  the  other. 
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In  paffing  from  a  rare  into  a  denfe  medium,  or 
from  one  denfe  medium  into  a  denfer  medium,  a 
ray  of  light  is  refrafted  towards  the  perpendicular ; 
on  the  contrary,  ift  paffing  frorrra  denfe  medium  into 
a  rare  medium,  or  from  one  rare  medium  into  a  rarer, 
a  ray  of  light  is  refra&ed  from  the  perpendicular. 

If  the  eye,  therefore,  is  placed  in  a  rarer  medium, 
an  objeft  fcen  in  a  denfer  medium,  by  a  ray  re- 
fracted in  a  plane  furface,  will  appear  larger  than  it 
really  is,  as  things  feem  larger  under  water,  to  an 
eye  in  the  air,  than  they  do  out  of  it,  and  the  con- 
trary *. 

To  thefe  laws  of  refra&ion  is  to  be  attributed 
the  difference  between  the  real  and  the  apparent 
rifing  of  the  fun,  moon,  and  ftars,  above  the  horizon. 
The  horizontal  refra&ion  is  a  little  more  than  half 
a  degree,  whence  the  &n  and  moon  appear  above 
the  horizon  when  they  are  entirely  below  it.  From 
the  horizon  the  refra&ion  continually  decreafes  to 
the  zenith.  Refraftion  is  increafed  by  the  denfity 
of  the  air,  and  confequently  it  is  greater  in  cold 
countries  than  in  hot  3  and  it  is  alfo  affefted  by  the 
degree  of  cold  or  heat  in  the  fame  country. 

On  the  principle  of  the  refradlion  of  light  all 
dioptrical  j*  inftruments  are  conftrudted.  As  the 
greater  the  obliquity  with  which  a  ray  ftrikes  i 

*  *  A*  things  feem  large  which  we  through  mills  defcry, 
"  Dulndls  is  ever  apt  to  magnify/'  Po*r. 

f  A***  (di*%  "  through")  Gr.  and  •a-fyai,  (cptomai)  «  to 
fee." 
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<ienfe  transparent  body  the  greater  the  refraction, 
it  is  evident  that  when  a  collc&ion  of  rays  pafs  in  a 
ftrait  line,  and  enter  a  body  of  any  form  approach- 
ing to  that  of  a  globe  or  fphere,  only  one,  viz.  that 
which  enters  at  its  cejnter,  will  enter  in  a  direft  line ; 
all  the  reft  will  ftrike  it  more  or  lefs  obliqufely,  and 
will  all  confequently  undergo  a  proportionable  de- 
gree of  refradtion.  As  in  a  denfe  body  of  fuch  a  form 
the  ray  swill  be  all  refratted,  converged,  or  bent  in- 
wards towards  the  centrical  ray,  there  will  be  a 
point  where  they  muft  all  meet,  and  this  point  is 
called  the  focus.  In  this  point  they  will  therefore 
crofs  each  other,  and  diverge  again  in  the  fame  pro- 
portion, as  it  is  the  property  of  light  constantly  to 
proceed  in  a  ftrait  line,  whatever  direction  it  takes* 
In  pafllng  through  a  glafs  or  lens,  which  is  equally 
convex  on  both  fides,  the  focus  or  point  where  the 
rays^  meet  will  be  equal  to  the  lemidiameter  of  the 
glafs's  convexity,  that  is,' half  the  diameter  of  that 
circle  of  which  the  convexity  of  the  lens  is  an  arch. 
As  the  rays  crofs  each  other  after  they  pafs  the  fo- 
cus, it  is  evident  that  any  image  feen  through  a  lens, 
beyond  the  focal  diftance,  will  be  inverted,  as  may 
be  proved  by  an  eafy  experiment,  yfc.  by  holding  . 
a  lens  or  magnifying  glafs  between  a  candle  and  a 
fhept  of  paper  fufpended  on  the  wall,  at  a  proper 
diftance,  when  the  image  of  the  candle  will  appear 
on  the  paper  inverted ;  and  the  reafon  of  this  is  ex- 
tremely clear,  for  it  is  evident  that  the  upper  rays, 
after  refra&ion,  are  thofe  which  proceeded  from  the 
under  part  of  the  luminous  body,  and  the  under  rays 
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are  thofe  which  come  from  its  top.  The  rays  are 
therefore  only  inverted,  and  the  image  remains  un- 
impaired* 

Upon  the  fame  principles,  if  parallel  rays  pafi  di- 
reftly  through  a  glafs  which  is  concave,  they  will 
diverge,'  pr  be  bent  outwards  by  the  refraftive 
power,  exa&ly  in  proportion  to  the  concavity,  that 
is,  in  proportion  to  the  obliquity  with  which  they 
ftrike  on  the  glafs  \  and  the  point  of  divergence,  or 
negative  or  virtual  focus,  will  be  in  the  fame  pro- 
portion to  the  concavity  of  the  glafs  as  in  the  pre- 
ceding inftance.  Converging  rays,  paffing  through  a 
concave  glafs,  will  alfp  be  proportionally  bent  out 
of  their  courfe,  and  will  not  come  to  a  point  or  fo- 
cus fo  foon  as  they  would  otherwife  have  done. 

In  the  middle  part  of  the  human  eye,  behind  the 
pupil,  there  is  placed  a  perfeft  convex  lens,  of  a 
clear,  tranfparent,  jelly-like  matter,  which  is  called  die 
cryftalline  humour  \  by  this  the  rays  of  light  are  made 
to  converge  to  a  point,  and  crofs  each  other  fo  as  to 
form  a  fmall  inverted  image  of  the  objeft  on  the 
optic  nerve,  which  is  expanded  on  the  back  part  of 
the  eye,  and  called  the  retina.  The  apparent  mag- 
nitude of  objefts  will  confequently  depend  upon  the 
fize  of  the  inverted  image,  or,  in  other  words,  upon 
the  angle  which  the  rays  of  light  form  by  entering 
the  .eye  from  the  extremities  of  any  objeft  j  hence 
convex  lenfes  magnify,  becaufe  the  rays  proceed- 
ing from  any  objeft,  and  paffing  through  the  lens, 
being  made  to  converge  fooner  than  they  otherwife 
would,  the  angle  is  greater,  and  the  objeft  appa- 
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rently  larger,  or  nearer,  thah  when  viewed  by  the 
naked  eye ;  hence  too  a  concave  lens  makes  an 
objedt  appear  fmaller,  or  more  difltant,  becaufe  by  its 
caufing  the  rays  of  light  to  diverge,  the  vifual  angle 
is  proportionably  diminifhed. 

Light  is  not  only  fubjeft  to  the  law  of  attraction, 
but  to  that  of  repullion  alfo ;  in  other  words,  it  is ' 
repelled,  or  reflected,  from  all  bodies  which  are 
not  tranlparent.  In  reflection,  light  is  ftill  obferv- 
ed  to  proceed  in  ftrait  lines,  and  the  angle  of  re- 
flection is  equal  to  the  angle  of  incidence ;  that  is, 
when  a  ray  of  light  ftrikes  obliquely  upon  a  mirror, 
it  will  be  regularly  returned  with  the  fame  degree 
of  obliquity  with  which  it  came ;  hence,  when  light 
is  reflected  from  fpherical  bodies,  the  rays  will  con- 
verge or  diverge  as  when  it  paffes  through  bodies 
of  a  fimilar  form,  only  that  the  effeft  will  *be  re- 
verfed ;  hence  rays  refle&ed  from  a  concave  mir- 
ror, or  fpeculum,  will  converge  to  a  focus,  the  dis- 
tance of  which  is  in  proportion  to  the  concavity  of 
the  mirror. 

By  concentrating  the  rays  of  light,  or,  more  pro- 
perly fpeaking,  by  caufing  them  to  converge  to  a 
focus,  heat  is  produced  y  hence  every  convex  lens, 
and  every  concave  mirror,  is  a  burning  glafs,  and 
the  focal  point  is  that  in  which  the  heat  is  moll: 
powerful. 

Light  is,  however,  not  fo  fimple  a  fubftance  as  it 
may  be  fuppofed  upon  fuperficially  coijfiderihg  its 
general  effeAs  \  it  is  indeed  found  to  confift  of  par- 
ticles which  are  differently  refrangible,  chat  is,  fome 
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of  them  may  be  refra&ed  more  than  others  in  paff- 
ing  through  certain  mediums,  whence  they  arc  flip- 
pofed  by  philofophers  ta  be  different  in  fize*  The 
common  optical  inftrument,  called  a  prifm,  is  a  tri- 
angular piece  of  glafs,  through  which,  if  a  pencil  or 
collection  of  rays  is  made  to  pafs,  it  is  found  that  the 
rays  do  not  proceed  parallel  to  each  other  on  their 
^mergence,  but  produce  on  an  oppofite  wall,  or  any- 
plain  furface  that  receives  them,  an  oblong  /pec- 
trum,  which  is  varioyfly  coloured,  and  it  conie- 
'  quently  follows,  that  fbme  of  the  rays  or  particles 
/  are  more  refrangible  than  others* 

The  fpeftrum  thus  formed  is,  perhaps,  the  moft 
beautiful  objeffc  which  any  of  the  experiments  of 
philofophy  prefent  to  our  view.  The  lower  part, 
which  confifts  of  the  leaft  refrangible  rays,  is  of  a 
lively  red,  which,  higher  up,  by  infenfible  grada* 
tions,  becomes  an  orange ;  the  orange,  in  the  fame 
manner,  is  fuqeeeded  by  a  yellow ;  the  yellow,  by  a 
green';  the  green,  by  a  blue;  after  which  follows  a 
deep  blue  or  indigo ;  and  laftly,  a  faint  violet. 

In  the  fuceeeding  chapters  I  fhall  treat  of  the  re- 
flection and  refraftion  of  light  in  a  more  particular 
and  fcientific  manner ;  but  as  the  fubjed  is  fome- 
what  abftrufe,  thefe  preliminary  obfervations  ap* 
peared  necefiary,  in  order  to  render  it  m<?re  eafy  and 
intelligible  to  the  general  reader* 
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O?   THE  REFLECTION   OP    LIGHT. 

jtngU  of  Reflation  equal  to  the  Angle  of  Incidence.— RcfleShn  from* 
plane  Surface*. — From  Jpherieal  Surfaces. ^Explanation  of  the 
Phenomena  of  concave  Mirrcrs.—i-Qf  the  providing  Figure  which 
appears  from  them  btfert  fhe  Glafi.+~Uje  of  tonyex  Mirrors  /f 
^Travellers. 


IT  has  been  already* proved,  that  the  rays  of  light 
proceeding  from  any  luminous  body  always  move 
in  Jlrait  lines,  unlefs  this  dire&ion  or  motion  h 
changed  or  deftroyed  by  certain  circumflances  *, 
which  are  now  more  particularly  to  be  confidered. 
The  direftion  is  changed  by  refleftion,  refra&ion, 
and  inflexion  j  the  motion  is  deftroyed  by  abforp- 
tion.  It  will  be  moft  confident  with  d  lucid  orders 
firft  to  examine  the  nature  of  refledlioji. 

A  common  experiment  of  children  with  a  piece 
of  glafs  oppofed  to  the  fun,  and  calling  the  light 
into  various  places  at  will,  fhews  that  the  tays  Of 
Jight  may  be  reflected  by  certain  bodies,  and  by 
more  accurate  experiments  it  is  found,  that  when  a 

•  This  is  the1  principle  on  which  all  the  reafoning  with  re- 
rpeft  to  optics  depends,  and  it  is  upon  this  principle  that  all 
the  lines  and  figures  referred  to  in  the  following  pages  are 
4ra>vn. 
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ray  of  light  is  reflected  by  any  furface,  the  angle  of 
incidence  is  equal  to  the  angle  of  reflection.   By  the 
angle  of  incidence  is  meant,  the  angle  made  by  the 
ray  of  light  with  a  perpendicular  to  the  reflecting 
furface  at  the  point'  on  which  the  ray  falls ;  and  by 
the  angle  of  reflection,  the  angle  which  the  ray 
makes  with  the  fame  perpendicular  on  the  other 
fide.    Thus,  let  Q^,  Plate  I.  Fig.  i.  be  a  point 
from  which  rays  diverging  fall  on  the  reflecting  fur- 
face A  B,  and  let  QJ),  QE  be  two  incident  rays. 
At  D,  E  draw  the  perpendiculars  DC,  EF  to 
A B,  and  make  the  angles  CDG,  H  E F  equal 
to  QD C,  QEF,  and  the  rays  QD,  QE  will  be 
reflected  by  the  furface  in  the  directions  D  Gj 
EH. 

Since  no  furface  has  hitherto  been  found  fo  per- 
fectly fmooth,  that  it  has  not  fome  inequalities  in  it 
to  be  difcovered  by  a  microfcope,  and  yet  thefe  in* 
equalities  do  not  affeCt  the  law  thus  difcovered  for  re- 
flected rays,  it  is  generally  concluded,  that  the  power 
which  produces  this  change  in  the  direction  of  the 
rays,  aCts  at  fome  fmall  diftance  from  the  furface. 
The  point  Q,  frofa  which  the  rays  diverge,  is  call- 
ed the  focus  of  diverging  rays;  and  as,  after  reflec- 
tion, the  rays  appear  to  have  diverged  from  a  point 
behind  the  furface,  that  point  is  called  the  focus  of 
reflected  rays.     To  find  this  point,  produce  the 
lines  G  D,  H  E  till  they  meet  the  perpendicular 
drawn  from   Q^  on  the  reflecting  furface  produ- 
ced, if  neceflary.     Let  QM q  be  this  perpendicu- 
lar, which  G  D  meets  in  q j  then,  fincc  QD  C  b 
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equal  to  GDC,  QDM  is  equal  to  GDB  but 
GDB  is  equal  to  MDj;  in  the  two  triangles 
QD M,  MDj,  there  are  two  angles  in  the  one 
equal  to  two  angles  in  the  other,  and  one  fide 
MD  common  to  both,  therefore  QJVf  will  be 
equal  to  M  q.  The  fame  may  be  proved  alfo  of 
the  interfeftion  of  the  lines  HEj  and  QJMy. 
Therefore  the  focus  of  rays  reflected  by  a  plane  fur- 
face  is  at  the  fafrie  diftance  behind  the  furface,  as 
the  focus  of  diverging  rays  is  before  it  *. 

If,  inffead  of  rays  diverging  from  one  point  they 
diverge  from  feveral,  the  correfponding  foci  will 
be  found  in  the  fame  manner.  Let  QR,  Fig.  2, 
be  a  furftce,  from  every  point  of  which  draw  per- 
pendiculars to  the  reflecting  furface  as  before,  and 
jr  will  be  the  image  of  QJR,  or  all  the  rays  di- 
verging from  QJl  will,  after  refleftion,  appear  to 
have  diverged  from  q  r. 

Every  objeft  placed  before  a  refle&ing  furface 
has-  its  correfponding  image.  '  If  the  objeft  is  a 
plane  furface,  the  image  will  alfo  be  a  fimilar  plane 
furface ;  if  the  objeft '  is  a  curvilinear  furface,  the 
image  will  correfpond  to  it  j  and  in  all  cafes  it  is 
found  in  this  manner,  by  perpendiculars  dra\yn  from 
the  objcft  to  the  refle&ing  furface,  or  the  refledfcing 
furface  produced. 

.  •  To  the  general  reader,  who  has  no  previous  acquaintance 
with  philofophy ,  a  part  of  this  chapter  will  appear  intricate  and 
difficult.  Let  it  be  remembered,  however,  that  it  embraces  fome 
of  the  mod  difficult  problems  in  natural  fcience,  which,  how- 
ever, could  not  be  omitted,  and  they  are  rendered  at  plain  as 
this  nature  of  the  fubjelt  would  admit. 

To 
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-  ,T9  fee  any  objeCt,  the  eye  muft  be  fo  placed  that 
feracp£ the  rays  of  light  diverging  from  die  object 
«iay  fall  upon  the.  eye  p  and  if,  by  looking  upon  a  re^ 
fteCting  furface  we  feeanimage,  we  (hould,  if  our  judg- 
ment had  not  been  corrected  by  experience,  CQncei  vc 
an  obieCt  to  be  placed  behind  the  furface  from  which 
thefe  rays  diverged.     Now,  as  an  object  may  be 
placed  in  fuch  a  fituation  before  the  reflecting  fur- 
face  that  no  rays  can  be  reflected  to  our  eyes,  we 
fhall  not  always  fee  an  objeCt  by  reflection,  and  the 
places  of  the  objeCt,  the  IpeCtator,  and  the  reflecting 
furface,  mud  be  taken  into  confideration.  Let  OR 
be  an  objeCt  before  the  reflecting  furface  A  B,  q  r 
its  image,  as  before.  Fig.  2,  and  O  the  place  of  the 
JpeCtator.     Join  O  A,  OB^and  produce  the  lines 
O  A,  Q  B  indefinitely  to  T  and  P,  unjefs  the  image 
lies  widiin  the  lines,  AT,  BP  the  objeCt  will  not 
be  feen  by  reflection,     Let/g  without  this  fpace  be 
the  image  of  F  G,  and  join  OfOg,  and  fince  theft 
two  lines  do  not  any  where  cut  the  reflecting  fur- 
face, it  is  evident  that  by  looking  on  the  furface  we 
fcall  not  fee  the  objeCt.    We  (hall  fee  part  of  QR, 
becaufe  part  of  q  r  lies  within  the  fpace  abovemea- 
tioned,  and  to  find  the  par?  of  QJt  which  is  vi- 
fible  by  reflection  from  the  point  s,  where  O  P  cuts 
q  r,  draw  s  S  perpendicular  to  A  B  produced.  Then  • 
the  ray  SB  will  be  reflected  in  the  direction  B O. 
Now  join  O  q  cutting  A  B  in  D,  *nd  join  QD. 
The   ray  QD  will  be  reflected  in  the  direction 
DO,  and  the  part  of  the  objeCt  vifible  by  reflec- 
tion wilj  be  feen  in  part  of  the  reflecting  furface 

>-  .  . .  .  only 
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only  D  B.  All  the  reft  being  fuperfltfous  as  to  this  , 
objeft.  Thus  we  can  always  find  by  what  rays* 
ahd  by  what  part  of  a  refle&ing  furface,  an  objeft  is 
ieeii.  The  limits  of  the  fpace  in  which  an  objeft 
muft  be  placed  to  appear  vifible  by  refledtion  are, 
on  thefe  principles,  eafily  determined.  Join  OB, 
O  A,  and  make  the  angles  IB  K,  L  AE  equal  to 
OBI,  OAL,  then  every  objeft  placed  within  the 
lines  B  K,  AE  indefinitely  produced,  will  be  vifible 
at  O  by  reTfcdKon. 

Thus,  when  we  are  placed  before  a  looking-glafs 
in  a  room,  part  of  the  room  only  is  vifible ;  as  we 
Walk  backwards  and  forwards  other  parts  appear 
and  difappear  in  fucceflion,  and  fome  parts  of  the 
foom  are  never  feen  in  the  *lafs. 

When  a  perfon  ftands  before  a  looking^glafs  of 
the  fame  dimenlions  with  himfelf,  his  image  appears 
to  occupy  the  half  of  it,  or,^  in  other  words,  a  look* 
ing-glafs  of  half  his  dimenfions  is  capable  of  fhewing 
him  the  whole  of  hisfigure.  Let  A  B,  Fig.  3.  be  an 
objedt  placed  before  the  reflefting  furface  gbiof  the 
plane  mirror  CD;  and  let  the  eye  be  at  0.  Lee 
A  b  be  a  ray  of  light  flowing  from  the  top  A  cf  the 
objeft,  and  falling  upon  the  mirror  at  b:  and  bmbt 
a  perpendicular  to  the  furface  of  the  mirror  at  b, 
the  ray  A  b  will  be  reflected  from  the  mirror  to  the 
eye  at  0,  making  an  angle  mbo  equal  to  the  angla 
A  bm :  then  will  the  top  of  the  image  E  appear  to 
the  eye  in  the  direction  of  the  re6e£ted  ray  oh  pro- 
duced co  E,  where  the  right  line  hp  E,  from  the  top 
of  the  objeft,  cuts  the  right  line  0  b  E,  at  E.  Let  B  i 

be 
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be  a  ray  of  light  proceeding  from  the  foot  of  the 
objedt  at  B  to  the  mirror  at  i,  and  n  i  a  perpendi- 
cular to  the  mirror  from  the  point  *,  where  the  ray 
B  i  falls  upon  it:  this  ray  will  be  refle&ed  in  the 
line  to,  making  an  angle  mi  0,  equal  to  the  angle  B  i  *, 
with  that  perpendicular,  and  entering  the  eye  at  0: 
then  will  the  foot  F  of  the  image  appear  in  the  direc- 
tion of  the  refle&ed  ray  0  i%  produced  to  F,  where  the 
right  line  B  F  cuts  the  reflefted  ray  produced  to  F. 
All  the  other  rays  that  flow  from  the  intermediate 
points  of  the  object  A  B,-and  fall  upon  the  mirror 
between  b  and  /,  will  be  reflected  to  the  eye  at  01 
and  all  the  intermediate  joints  of  the  image  £  F 
will  appear  to  the  eye  in  the  dirc&ion-line  of  thefe 
refledted  rays  produced.     But  all  the  rays  that  flow 
from  the  objeft,  and  fall  upon  the  mirror  above  by 
will  be  reflected  back  above  the  eye  at  0  $  and  all 
the  rays  that  flow  from  the  object,  and  fall  upon  the 
mirror  below  *,  will  be  rcfle<5ted  back  below  the 
1        eye  at  0:  fo  that  none  of  the  rays  that  fall  above  b, 
1        or  below  i,  can  be  reflefted  to  the  eye  at  0%  and 
J        the  diftance  between  b  and  1  is  equal' to  half  the 
length  of  the  objed  A  B,  if  the  eye,  or  0,  is  in  the 
line  AB  produced,  for  thefi  Ah  will  be  equal  to 
b  0,  and  A  b  is  equal  to  b  E.  Therefore  £E  is  equal 
to  ob>  and  ob  is  one  half  of  0  E,  and  confequently 
ib  (from  fimilar  triangles)  is  equal  to  one  half  of 
EForAB. 

In  rooms  where  looking-glafles  are  placed  paral- 
lel and  oppofite  to  each  other,  a  perfon  looking 
into  one  fees  feveral  images  of  himfelf i  for  ray* 
4  will 
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will  be  refle&ed  from  one  glafs  to  the  other,  and 
each  image  becomes  an  obje£t  to  the  other  glafs. 
If,  inftead  of  being  parallel,  the  glafies  were  placed 
oppofite  to  each  other,  but  making  an  acute  angle, 
there  will  be  feveral  images  of  the  fame  objeft  ap- 
pearing to  be  placed  in  a  circle,  whofe  centre  is  the 
vertex  of  the  acute  angle,  and  radius  the  diftance  of 
die  objeft  from  that  vertex.  Let  M  N  O  P  Plate  II. 
(Fig.  4.)  two  furfaces  produced,  meet  in  b>  and  let 
QJbe  an  objedfc,  and  q,  c  its  images  in  thfe  refpe&ive 
glafles.  Join  b  q,  b  Q^  and  the  triangles  Qji  b, 
qab,  having  two  fides  and  an  angle  reipe&ively 
equal,  the  third  fide  Q£  is  equal  to  q b.  So  b c 
is  equal  to  b  Qj  and  in  the  fame  manner  the  images 
of  q>  and  c  found  in  the  oppofite  glades,  will  be 

equidiftant  from  b. 

The  places  of  images,  made  by  the  refle&ion  of 

the  rays  of  light  from  plane  furfaces,  are  eafily  deter- 
mined :  but  when  rays  are  reflefted  by  curvilinear 
furfaces,  the  difficulty  of  determining  the  place  of 
the  image  is  confiderably  increafed.  I  fhall  endea- 
vour to  fhew  the  manner  of  inveftigacing  this  fub- 
jedt  in  the  fimplefl  cafes. 

Let  A  B  (Fig.  5.)  be  a  fpherical  furface,  of 
which  C  is  die  centre,  reflecting  the  rays  of  light 
both  on  the  concave  and  convex  fide;  and  lee 
QE,  a  ray  of  light  parallel  to  the  radius  C  D,  be 
incident  on  the  furface  at  E.  After  reflection  on 
the  coqeave  fide,  the  ray  will  proceed  in  the  di- 
rection Eq,  making  the  angle  qEC  equal  to 
QJL  C  i  but  the  ray  QJL  refle&ed  by  the  conve* 

furfece 
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furface  will  proceed  in  the  dire&ion  E  K,   making 
the  aflgle  K  E 1  equal  'to  the  angle  QE  I.     The 
greater  the  diftancc  of  E,  the  point  of  incidence,  is 
from  D,  the  verte*  of  the  furface,  the  farther  will 
the  interfe&ion  of  the  reflected  ray  of  radius  C  D 
be  from ,  the  center  of  the  furface.     Since  QJ£  is 
parallel  to  C  D,  the  angle  QJEC  is  equal  to  the 
angle  E  C  q ;   therefore  the  angles  yEC,   yCE 
are  equal  to  each  other,  and  confequendy  q  C  is 
equal  to  q  E.     If  E  is  very  near  to  D,  q  D  and  q  E 
will  be  very  nearly  equal  to  each  other,  and  the 
point  q  will  then  be  very  near  to  T,  the  point  bi- 
fc&ing  the  radius  of  the  furface.     The  parallel  rats 
then  falling  upon  the  concave  furface  very  near  to 
t)  will  Converge,  after  refledtion,  very  nearly  to  the 
point  T,  and  that  point  may  be  confidered,  and  is 
'confidered,  as  the  focus  after  refle&ion  of  thofe  rays; 
the  aberration  of  every  other  ray,  or  the  diftance 
:q  T  II i all  be  afterwards  confidered.     The  parallel 
rays  falling  on  the  convex  fide  will  alfo,  after  re- 
flection, appear  to  have  diverged  from  this  point, 
T,  without  any  ver£  material  error.     We  may  lay 
}t  down,  therefore,  as^  a  principle,  that  rays  falling 
upon  a  reflecting  furface  will,  by  the  concave  fide, 
be  made  to  converge  to  a  point  bifefting  a  radius 
drawn  parallel  to  them,  and  by  the  convex  fide  will 
jbe  reflected  fo   as  to   appear  to  diverge   from  a 
point  bifefting  the  radius  drawn  parallel  to  them. 
This  p&inC,  T,  is  called  the  focus;  becaufe,  if  the 
refleftor  is  cf  fufficient  magnitude,  an  inflatfcmabfc 
object  placed  in  that  pokit  may  be  let  ort  firfc  tfy 
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the  reflefted  rays  of  the  fun  from  the  concave  fur- 
face;  and  it  is  fuppofed  that  a  degree  of  heat  may 
fee  excited  by  a  concave  reflettor  and  the  fun's  rays* 
greater  than  by  any  known  application  of  artificial 
fire. 

Let  now  (Fig.  6*)  the  rays  diverging  from  a  cer- 
tain point  be  intercepted  by  a  fpheridal  refledting 
feriace,  and  let  QJbe  that  point,  and  A  B  the  furfecc 
of  which  C  is  the  center  j  and  let  $  E  be  the  re- 
Hefted  ray.  Draw  C  m  parallel  to  q  £,  and  C  n  pa* 
rallel  to  QJE.  By  the  principle  above  meritioned  a 
ray  diverging  from  the  point  m  will,  after  refte&ioty 
cut  the  parallel  radius  Cninn,  bifcdirtg  the  radius 
in  that  point  5  and,  if  a  ray  diverged  from  *,  it  will* 
after  reflection,  cut  the  parallel  radius  Cmintn,  bi* 
felting  that  radius;  therefore  Cm,  C»,  GT  are 
equal.  Since  the  triangles  QjnG,  Qnq  are  fimi- 
lar,  Qj»  iwQorCTi  :  C  »,  or  C  T  :  nq.  Tht 
nearer  £  is  to  D»  the  nearer  will  the  points  m  and 
k  be  to  T ^  Qw  will  be  nearly  equal  to  QJT,  and 
<q  n  to  q  T\  Therefore  the  focus  of  rdys,  after  re* 
fle&ion,  will,  be  found,  without  Very  material  error, 
by  faying,  as  QT  iCT:iCT  %  Tf.  Calling 
therefore  T  the  principal  focus,  its  diftancie  from  the 
centre  of  the  fbrface  will  be  a  mean  proportional 
between  its  diftances  from  the  foci  of  diverging  and 
refleded  rays. 

In  Plate  HI.  Fig.  ?.  the  propofltlon  is  iri  the  fame 
manner  demonftrated,  by  faying,  that  fays  appearing 
to  diverge  from  m,  were  reflected  by  the  fur&ee  iA* 
tempting  rays  converging  to  n,  and  vice  verfa. 

Vol.L  O  Tb* 
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The  foci  of  diverging  and  refle&ed  rays-arc  al- 
ways on  the  fame  fide  of  the  principal  focus*  The 
greater  the  diftance  of  Q^frorn  T,  the  lefs  is  the 
diftance  of  q  from  T  y  as  Qjapproaches  to  T,  q  re- 
moves from  it  r  they  meet  together  when  rays  are 
refle&ed  by  a  concave  furface  in  the  center.  When 
the  focus  of  diverging  rays  is  betfr^en  the  center 
and  the  principal  focus,  the  focus  of  refle&ed  rays  is 
on  the  other  fide  of  the  center.  When  O  is  in  T, 
the  reflected  rays  are  parallel ;  when  QJs  between 
T  and  the  furface,  the  rays  appear  to  diverge  from 
a  point  on  the  other  fide  of  the  furface*  When 
rays  are  reflefted  by  the  convex  furface,  the  focus 
of  the  reflected  rays  is  always  between  the  principal 
focus  and  the  furface. 

Having  found  the  focus  of  refte&ed  rays  for  a 
fingle  point,  we  can,  as  before,  find  the  fituation  of 
the  image  of  any  objedt,  by  confidering  the  objed 
as  made  up  of  innumerable  foci  of  diverging  rays. 
Let  QJt  (Fig.  8.)  reprefent  an  objedt  before  a 
fpherical  reflettor,  then  join  QJC  D,  and  in  die  line 
QJD  find  the  point  q,  the  focus  of  rays  after  reflec- 
tion, by  the  proportion  laid  down  in  the  preceding 
inftance.  In  the  fame  manner  find  the  point  r>  and, 
if  necefiaryv  find  the  corresponding  foci  to  other 
points  in  the  objedt  QR,  then  q r  is  its  image. 
l"his  image  will  be  either  ere£t  or  inverted,  accord- 
ing to  the  nature  of  the  refleftor,  and  the  pofition  of 
ihe-objeft.  Firft>  if  the  lreBe#or  is  a  fpherical  con- 
cave, as  in  Fig..  8,  and  the  diftance  of  the  objea 
from  the  furface  is  greater,  than  half  the:  radius  of 
8  -the 
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the  refte&or,  the  image  will  be  inverted,  and  on  the 
fame  fide  of  the  refleftor  with  the  object.  If  the 
diftance  of  the  objeft  from  the  refle&or  is  left  than 
half  the  radius,  the  image  will  be  ereft,  but  on  the 
other  fide  of  the  refltftor.  This  is  feen  in  Fig.  9, 
where  q  r  reprefents  an  objeft  in  the  fituation  above- 
mentioned,  and  QK  is  its  image,  adly,  The  - 
image  of  an  objeft  before  a  convex  fpherical  re* 
fleftor  is  always  ereft,  as  may  be  feen  in  Fig.  <J. 

tn  plane  refle&ors  images  correfpond>  and  are 

limilar  to  their  obje&s.     It  is  not  fo  in  fpherical 

fefle&ors,  by  which  an  image  is  made  fbmetimes 

greater,  fometimes  frinaller  than  the  objeft.     The 

concave  refle&o*-  has  the  power  of  diminiftiing  and 

magnifying.    When  the  diftance  of  the  objeft  from 

the  refledor  is  greater  -that  the  radius,  the  image  is 

always  lefs  than  the  objeft,  for  q  r  :  QJR.  :  t  C  q  : 

C  Qj .  and  in  that  cafe  C  q  being  lefe  than  C  Q,  q  r 

mult  be  lefs  than  QR.  When  the  objeA  is  between 

the  center  and  the  principal  focus*  the  image  is  greater 

than  the  objeft,  for  now  q  r  being  the  objedt,  QJt  is 

its  image,  and  C  q  being  lefs  than  C  Q,  the  objedfc 

muft  be  lefs  than  its  image.     When  the  objeft  is 

between  the  principal  focus  and  the  refle&or,  the 

image  is  greater  than  the  objett*  for  fuppofing  qr 

(Fig.  9.)  to  be  the  objeft,  and  QR  the  imager 

$r :  QJ*  :  :  Tqi  TQj  but  Tq  being  lefs  than 

T  Q^,  q  r  muft  be  lefs  than  QJR.    When  an  objed: 

is  placed  before  a  convex  fpherical  refleftor>  the 

image  is  lefs  than  its  objeftj  for  (Fig.  9.)  TQ^ 

being  greater  than  T  &  QJR.  muft  be  greater  than 

O  2  T* 
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To  find  Whether  an  objed  may  be  fecn  in  a  re- 
,  fle&of  by  a  fpe&ator  in  any  fituation,  we  draw  lines 
from  the  eye  to  the  image,  and,  if  thefe  lines  are 
cut  by  the  reflecting  furface,  the  image  is  vifible* 
and  the  part  of  the  refle&ing  fin-face  intercepted 
between  thefe  lines  is  that  part  which  refle&s  the 
rays  to  the  eye.  Let  O  be  the  eye  of  the  fpe&ator* 
Fig.  8  j  join  O  qy  Or,  and  produce  them,  if  ne- 
ceffary,  till  they  cut  the  refle&ing  furface  in  m  and 
»,  then  m  n  is  the  part  of  the  refle&ing  furface  in 
which  the  image  is  feen ;  and  the  rays  Qm,  R  *, 
reflected  in  the  dire&ion  wO,  *  O,  are  thofe  by 
which  the  extreme  parts  of  the  objed  are  feen. 

This  would  be  ftri&ly  true  in  all  cafes,  if  rays 
proceeding  from  an  objelt  made  it  always  vifible 
and  clear ;  but  we  are  accuftomed  from  our  infancy 
to  determine  on  the  nature  and  pofition  of  objects 
.  by  rays  diverging  from  them.  To  fee,  therefore, 
by  refle&ed  rays,  they  muft  appear  to  the  eye  to 
diverge  from  the  image,  which  will  not  be  die  cafe 
when  the  eye  is  at  a  lefs  diftance  from  a  concave 
refle&or  than  the  image.  In  that  cafe  our  vifion  is 
confuted,  the  image  is  behind  us,  and  we  can  form 
no  conception  of  it.  But  this  will  be  farther  ex* 
plained  when  I  come  to  treat  on  the  nature  of 
vifion. 

Upon  the  principles  now  laid  down,  we  fee  the 
reafon  of  thpfe  beautiful  and  deformed  images 
made  by  obje&s  placed  before  fpherical  reflc&ors, 
as  alfo  the  changes  produced  in  them  by  their  va- 
rious pofitions  TOth  refpe&  to  the  refle&or.    When 

a  perfoa 
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a  perfon  is  at  a  greater  diftance  from  a  concave 
fpherical  refleftor  than  the  radius,  he  perceives  an 
image,  for  inftance,  of  himfelf,  much  diminifhed, 
(landing  upon  its  head  before  the  reflefting  furface 
in  the  air;  as  he  walks  towards  the  center,  the 
image  walks  towards  him,  increafing  in  magnitude ; 
as  he  walks  from  the  center  to  the  principal  focus, 
his  image  appears  confufed,  and  he  cannot  afcer- 
tain  any  of  its  parts ;  as  he  walks  from  the  principal 
focus  to  the  furface,  the  image  is  again  clearly  vifi-  • 
ble,  ereft,  greater  than  himfelf,  but  walking  towards 
him,  and  diminifliing  conftantly,  till  both  objeft 
and  image  meet  together  in  the  reflefting  furface. 

From  this  property  of  the  concave  refleftor  to 
form  the  image  of  an  objeft,  in  certain  cafes,  before 
the  refleftor,  many  deceptions  have  been  prpduccd, 
to  the  great  furprize  of  the  ignorant  fpeftator.  He 
is  made  to  fee  a  bottle  half  full  of  water  inverted  in 
the  air  without  lofing  a  drop  of  its  contents ;  as  he 
advances  into  a  room,  he  is  tempted  to  exclaim 
with  Macbeth,  <c  Is  this  a  dagger  that  I  fee  before 
me !"  and  when  he  attempts  to  grafp  it,  it  vanishes 
into  the  air. 

A  variety  of  fimilar  appearances  may  be  repre- 
fented,  which  are  all  produced  by  means  of  a  con- 
cave refleftor,  having  an  objeft  before  it  ftrongly 
illuminated,  care  being  taken  that  only  the  rays  of 
light  reflefted  from  the  objeft  (hall  fall  upon  the 
concave  refleftor,  placed  in  fuch  *a  manner  that  the 
image  fhall  be  in  the  middle  of  the  adjoining  roqm; 
pr>  if  in  the  fame  room  with  the  objeft  ^qd  refleftor, 
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a  fcrccn  iraift  be  placed  fo  as  to  prevent  the  fpec- 
tator  from  difcovering  them*  A  hole  is  then  made 
in  the  partition  between  the  two  rooms,  or  in  the 
fereen,  through  which  the  rays  pafs,  by  which  the 
image  is  formed.  The  fpe&ator  then,  when  he  calls 
his  eyes  upon  the  partition  or  the  fcreen,  will,  in  cer- 
tain filiations,  receive  the  rays  coming  through  thia 
fmall  aperture.  He  will  fee  the  image  formed  in 
the  air ;  he  will  have  no  idea,  if  not  previoufly  ac- 
quainted with  optics,  of  the  nature  of  the  decep- 
tion ;  and  may  either  be  amufed,  according  to  the 
inclination  of  his  friends,  with  tempting  fruit,  or  be 
terrified  at  the  fight  of  a  ghaftly  apparition. 

The  phenomena  of  convex  fpeculums  are  diffe- 
rent, and  in  moft  refpefts  oppofite,  to  thofe  of  tho 
concave  fpeculum.  When  a  perfon  looks  in  a  convey 
Ipherical  refledlor,  he  fees  an  image  of  himfelf,  ered, 
but  diminiihed.  *  As  he  walks  towards  the  rcfle&or* 
the  image  appears  to  walk  towards  him,  conftandy 
increafing  in  magnitude,  till  they  touch  each  othep 
in  the  refle&iog  furface. 

From  this  property  of  diminiihing  obje&s,  fphe- 
rical  refle&ors  are  in  great  requeft  with  all  lovers 
of  pidturefque  fcenery,  Small  convex  refledtors  are 
made  in  the  (hops  for  the  ufe  of  travellers,  who* 
when  fatigued  by  ftretching  the  eye  to  alps  tower- 
ing on  alps,  can  by  their  mirror  bring  thefe  fublime 
objedts  into  a  narrow  compafs,  and  gratify  the 
fight  by  pictures  whigh  the  art  of  man  in  vain  at-* 
tempts  to  imitate, 

Cha?, 
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Chap.  IV. 

/ 

OF     REFRACTION.  1 

RefraSion,  nvbaf.-— Law  of Refra8ion.~— Ratio  of  RefraSion  with 
refpecl  to  different  Subfiances.-~Hrw  the  Situation  of  Objects  is 
determined  upon,  feen  through  different  Mediums.— -How  far  the 
Situation  of  Objects  is  apparently  altered  by  the  Refraction  of  com* 
man  Window  Glafs^RefraSion  bjfpherical  Surfaces* 


BY  experience  we  difcovered  that  rays  of  light 
are  reflected  by  many  fubftances,  and  that  the 
angle  of  refle&ion  is  equal  to  the  angle  of  incidence: 
by  experience,  alfo,  it  has  been  difcovered,  that  the 
direction  of  the  rays  of  light  is  changed  by  their 
paflage  from  one  medium  into  another,  and  that  this 
change*  of  direction  f<)llows  a  determinate  law.  The 
fpace  ia  which  a  ray  of  light  moves,  whether  empty 
fpace,  or  fpace  occupied  by  a  peculiar  fubftance,  is 
called  a  medium  $  and  in  paffing  from  pure  fpace 
into  any  other  medium  whatever,  or  from  any  me- 
dium into  a  denfer  medium,  a  ray  of  light  is  bent 
towards  thte  perpendicular  on  the  furface  feparating 
the -two  mediums;  in  pafling;  from  a  denfe  into  a 
rarer  medium*  or  from  any  medium  into  pure  fpace, 
0  ray  of  light  is  bent  from  this  perpendicular  j  but  a 
;ay  of  light  will  only,  in  certain  dire&ions,  pafs  out 
of  &  denfe  into  a  rarer  medium ;  for  when  the  angle 
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is  of  a  certain  magnitude,  determined  by  die  nature 
of  the  mediums,  the  ray,  inftead  of  being  refracted, 
will  be  reflected  back  into  its  original  medium. 

The  law  of  refraftion  is,  that  the  fine  of  incidence 
is  to  the  fine  of  refra&ion  in  a  given  ratio,  and  this 
ratio  is  difcovered  by  experience.  Thus,  when  a 
ray  paffes  out  of  air  into  water,  the  ratio  is  as 

4t03- 

out  of  water  into  air,  as  3  to  4* 

air  into  glafs,  as  3  to  2, 

glafs  into  air,  as  2  to  3. 

air  into  diamond,  as  5  to  2. 

diamond  into  air,  as  2  to  5. 

Let  H  F  be  a  ray  of  light  iheident  on  the  furfaoe 
AB,  (Plate  IV.  Fig,  io,)  of  a  denfe  medium  AB 
C  D,  fuppofe  it  to  be  glafs  furrounded  by  air* 
Draw  EFM  perpendicular  to  A B,  and  make  G 
f  M  fuch  an  angle,  that  the  fine  of  H  F  E  £hafl 
be  to  the  fine  of  M  F  G  ;:  3  :  2,  and  the  ray  H F 
will  in  the  glafs  move  in  the  dire&ion  G  F.  When 
the  ray  corpes  to  G  it  fuffers  another  change  in  its 
direction  by  moving  into  air,  and  to  find  this  direc- 
tion, draw  I Q  N  perpendicqlar  to  C  D,  and  make 
J-GN  fuch  an  angfe  th*t  the  fin?  of  F G I  (hall 
be  to  the  fme-of  NGL  ;:  a  13,  then  the  mj  will 
move  in  die  dire&ion  GL.  Thus  the  whole  pro- 
grefs  of  the  ray  is  found  to  be  in  the  dire&km 
H  F  G\L,  and  by  the  fame  rule  its  progrefs  through 
*ny  number  of  mediums  might  be  found. 
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The  direction  G  L  is  parallel  to  the  direction 
HF;  for  the  angles  MFG,  FGI,  NGK,  are 
equal;  and  fince  the  fine  of  MFG  :  fine  of 
M  FI  :  :  fine  of  N  G  K  :  fine  of  N  G  L,  the  an- 
gles. NGL,  M  F  I,  are  equal,  and  confequently 
the  angles  NGL,  N  I O,  are  equal.  Therefore 
the  lines  HO,  G L,  are  parallel. 

Let  FG  (Fig.  10.)  be  a  ray  in  a  denfe  me- 
dium incident  on  G,  and  its  direction  after 
emergence  be  G  L.  The  greater  the  angle  FGI 
is,  the  greater  will  be  the  angle  NGL.  Sup- 
pofe  NGL  to  be  a  right  angle,  then  the  fine 
of  FGI  :  radius  :  :  fine  of  incidence  :  fine  of  re- 
fra&ion,  and  according  to  the  law  of  refra&ion  for 
the  given  medium,  the  limiting  angle  of  incidence 
will  be  found  for  a  ray  to  emerge.  When  the 
angle  of  incidence  is  greater  than  this  angle  thus 
found,  the  incident  ray  will  be  reflected  back,  as 
a  be. 

Let  rays  diverging  from  a  point  Q^(Fig.  ir, 
12.)  after  refraftion*  move  in  the  medium 
A  B  C  D.  To  a  perfon  in  this  medium  they  will 
not  appekr  to  have  diverged  from  Q^,  but  from  a 
point  nearer  to  or  farther  off  "from  him,  according 
as  the  medium,  in  which  he  is,  is  denfer,  or  rarer 
than  the  medium  in  which  the  point  of  diverging 
rays  is  fituated.  Let  QJ  be  an  incident  ray  pro- 
ceeding after  refraftion  in  the  direftion  I  M,  cut- 
ting QO  a  perpendicular  to  the  furface  A  B  in  y, 
y  will  be  the  point  from  which  the  rays  appear  to 
(iJYerge.    In  the  triangle  QJ  q,  QJ  :  I  q  : :  fine  of 
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I  q  O  :  fine  of  I QO  *  that  is,  fines  QJ3  is  parallel 
to  I  P  :  :  fine  of  refra&ion  :  fine  of  incidence. 
If  1  is  very  near  to  O,  the  lines  QJ,  q  I,  will  be 
very  nearly  equal  to  QO  and  q O,  and  a  perfon 
being  placed  in  the  direction  QO  produced  will 
conceive  thalt  the  rays  diverged  from  q,  when 
QJ3  .:  q  O  :  :  fine,  <?f  refraction  :  fine  of  inci- 
dence. 

Upon  this  principle  we  can  find  the  aftual  fitu- 
ation  of  any  objeft  feen  in  a  medium  different 
from  that  in  which  we  are,  or  feen  through  differ- 
ent mediums.  Let  QR  (Fig.  i&  14.)  be  any 
objed  feen  by  a  perfon  in.  the  medium  ABCDf 
Then  make  QJL  :  q  E  and  R  F  ;  r  F  :  :  fine  of  re- 
fraction to  the  fine  of  incidence,  and  the  objedfc  will 
appear  to  be  £t  q  r  nearly,  if  tjie,  perfon  was  in  the 
direction  QJZ  produced.  Let  O  be  the  place  of 
the  pcrfon's  eye  in  any  other  fituation,  and  join  O  r, 
O  q>  then  the  objeft  is  feen  by  rays  refm&ed  within 
the  furface  m n,  and  Qm  O,  R n  O,  are  the  direc- 
tions nearly  of  th$  extreme  rays  by  which  the  obje& 
is  vifible. 

Jlence  we  perceive  the  reafon  why  the  bottom  of 
a  river  appears  to  us  nearer  than  it  really  is ;  and 
why  an  oar,  pardy  in  and  pardy  out  of  the  water, 
feems  broken.  Let  Qjna  (Fig.  15.)  reprefenc 
an  oar,  the  part  mQ^  being  out  of,  and  the  part 
via  being  in  the  w&ter,  the  rays  diverging  from 
a  will  appear  to  diverge  from  b  nearer  to  the  lur- 
face  of  the  water,  every  point  in  ma  will  be  found 
pearer  to  the  furface  than  its  real  place,  and  the 

part 
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part  m  a  will  appear  to  make  an  angle  "with  the 
part  Qnt. 

On  the  fame  principle  a  common  experiment  is 
explained.  Put  a  (hilling  into  a  baton,  and  walk 
back  from  it  till  the  ihilling  is  juft  obfeured  by  the 
fide  of  the  bafon  j  then  by  pouring  water  into  the 
bafbn,  the  (hilling  appears  inftantly;  for  by  what 
has  been  faid  above,  the  objeft,  being  now  in  a 
denfer  medium,  is  made  to  appear  nearer  to  its  fur- 
face. 

As  we  are  accuftomed  to  fee  obje&s  frequently 
through  thin  panes  of  glafe,  it  may,  to  prevent  mif- 
apprebenfions  on  this  fubjeft,  be  neceflary  to  (hew 
what  changes  take  place  in  the  apparent  (ituatioq 
of  thefe  objefts  from  the  intervention  of  fuch  a 
medium. 

Let  ABCD  (Fig.  15.)  be'  a  pane  of  glafs, 
QR  an  objed  feen  through  it,  whofe  apparent 
place,  foundry  the  preceding  rules,  is  xr,  and  let 
Qjn  op  reprefent  the  progrefs  of  one  of  the  rays 
diverging  from  Q^  Then,  from  what  has  been  be- 
fore obferved,  xp  is  v  parallel  to  Qjw.  Therefore 
am  :  m  0  :  :  Q  q  :  Qjc,  that  is,  when  m  is  very 
pear  to  E, 

qE  ;  EF  :  :  Qj  :  Qx-> 
or,  q E  :  Qa  :  :  E F  :   Q#. 
Put  fuppofing  I  ;  R  to  reprefent  .the  ratio  of  the 
fines  of  incidence  and  refra&ion  of  a  ray  paffing  intq 
(he  glafs, 

qE  :  Q^q  :  :  I  :  I— R, 
f-f  EF  :  q*  :  :  I  ;  l-*Rj 


S04    Degree  of Refr^iBian  from  Windows.  {Book  III* 

that  is,  the  interval  between  the  furfkces  of  the  pane 
is  to  the  diftance  between  the  real  and  apparent 
places  of  the  objeft  as  the  fine  of  incidence  to  the 
difference  between  the  .fines  of  incidence  and  refrac- 
tion. For  glafs  this  ratio  is  nearly  that  of  3  :  2; 
therefore  1:1  —  R  : :  3  :  1,  and  Q*  will  be  there-* 
fore  one  third  of  EF ;  if  the  pane  of  glafs  is  a  tooth 
of  an  inch  thick,  an  obje£t  feen  through  it  will  not 
appear  to  be  a  thirtieth  part  of  an  inch  out  of  its 
real  place ;  a  change  which  is  too  fmall  to  be  taken 
notice  of  in  common  life. 

A  ray  palling  through  a  medium  bound  by  plane 
furfaccs  inclined  to  each  other,  is  bent  towards  the 
thicker  or  thinner  part  of  the  medium,  according  as 
the  medium  is  denfer  or  rarer  than  that  by  which  it 
is  furrounded,  and  the  place  in  which  an  objeft  will 
appear  to  be  is  found  by  a  very  eafy  conftrudfcion. 
Let  ABC  (Plate  V.  Fig,  16.)  be  a  glafe  prifm, 
QJl  an  objeit  feen  through  it  by  an  obferver  at 
O.  From  Q^draw  QJH  perpendicular  to  ther  firfl: 
furface  AC,  and  let  q  be  the  focus  of  rays  refradted 
by  that  furface  j  from  q  draw  q  £  perpendicular  00 
AB,  the  fecond  furface  produced,  if  ncceffary,  and 
fuppofing  q  then  to  be  the  focus  of  diverging  rays 
failing  on  A*B,  let  /  be  the  focus  of  rays  after  re- 
fraflion  found  by  the  proportion  before  laid  down, 
or  by  joining  H  E,  and  drawing  Qj  parallel  to  it. 
In  the  fame  manner  the  apparent  place  of  R  will 
be  found,  and  a  perfon  at  O  will  fee  the  objeft 
QJl  apparently  in  t%.    The  point  Q^ he  .fees  by 
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the  ray  QF  G O,  and  the  point  R  by  the  ray 
RLMO. 

When  the  furfaces  are  fpherical,  a  change  i* 
made  in  the  apparent  places  of  objefts  no  left  re- 
markable than  that  which  we  have  obferved  in  ob- 
jects placed  before  convex  or  concave  mirrors.  To 
underftand  the  reafon  of  thefe  appearances,  it  is  ne- 
ceffary  to  examine  the  progrefs  of  a  ray  m  the 
fimpleft  cafes,  and  thence  to  go  on  to  the  more 
difficult. 

Let  ABFD  (Fig.  17,  18.)  reprefent  a  me- 
dium rarer  or  denfer  than  the  furrounding  me* 
dium,  and  bounded  by  a  fpherical  furface  AEB, 
and  let  the  ray  G  H  parallel  to  I E  a  ray  palling 
through  the  center  of  the  arch  A  £  B  be  refra&ed 
at  H,  to  or  from  the  perpendicular,  according  to 
the  nature  of  the  medium.  The  fine  of  the  angle 
CHG  is  to  the  fine  of  the  angle  CHI  in  a  given 
ratio,  but  CI  :  IH  :  :  S*  CHI  :  S.  CHG, 
therefore  I H  :  I  C  in  the  given  ratio  of  the  fine 
of  incidence  to  the  fine  of  refradtion  depending  on 
the  nature  of  the  mediums.  The  nearer  H  is  to 
E  the  nearer  will  the  ratio  of  I  H  to  I  C  be  to  that 
of  I  E  :  I  C,  and  confequently  by  finding  a  point  I 
in  the  line  C  E  produced,  fuch  that  I  E  may  be 
to  I  C  in  the  given  ratio  of  the  fine  of  incidence 
to  the  fine  of  refraftion,  all  the  rays  parallel  to  I E, 
which  are  refraded  by  the  convex  furface  AEB 
(Fig.  17.)  will  after  refrattion  converge  to  I,  or 
a  fmall  fpace  very  near  it.  The  greater  the  dis- 
tance of  H  from  E,  the  greater  will  be  the  diftancr 
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of  the  interfe&ion  of  the  refra&ed  ray  and  line 
I C  from  the  points  I  and  M.  This  point  I  is  called 
the  focus  of  refra&ed  parallel  rays.  .    . 

In  the  fame  manner  M  is  the  focus  of  rays  com- 
ing out  of  the  denfe  medium,  and  C  M  t  E  M  :  : 
fine  R  :  fine  I. 

Parallel  rays  incident  oh  the  convex  furface  of  a 
denier  medium  *  or  the  concave  furface  of  a  rarer 
medium  (Fig.  17.)  converge  after  refra&ionj  and 
on  the  contrary,  if  they  fall  on  the  convex  furface  of 
a  rarer,  or  the  concave  furface  of  a  denfer  medium 
(Fig.  18.)  they  appear  to  diverge  after  refradtion* 
The  focus  of  parallel  rays  thus  found  is  called  the 
principal  fbcusv 

Let  Q^now  (Plate  VL  Fig.  19.)  be  the  focus 
of  diverging  cays  incident  on  the  furface  A  B  of 
a  denfer  medium $  to  find  the  focus  after  refra&ion 
draw  QJ  an  incident  ray,  and  fuppofe  T  to  be  the 
focus  of  rays  parallel  to  C  Q,  incident  on  the  con* 
cave  furface  IEB,  and  make  CP  equal  to  CT> 
from  I  draw  I  q  parallel  to  C  P,  and  q  will  be  the 
focus  of  refra&ed  rays.  Let  /  be  the  focus  of  rays 
parallel  to  QJ3  incident  on  the  convex  furface, 
and  make  C  p  equal  to  C  /.  Then  fince  a  ray  pa- 
rallel to  Qp  incident  on  the  concave  furface  would 
after  refradtion  converge  to  P,  a  ray  diverging  from 
P  will  after  refraftion  go  parallel  to  C  P.  Now 
the  courfe  of  the  ray  QJ  is  the  fame,  whether  it 
is  confidered  as  diverging  from  Q^  or  P,  therefore 
the  diredtion  of  one  of  the  rays  diverging  from 
Qjffill  be  in  the  line  QJf.     Suppofe  now  the  ray 
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q  I  to  be  turned  back,  its  progrels  will  be  the  lame 
as  if  it  had  diverged  from  p  ;  but  all  rays  diverging 
from  p,  and  incident  on  the  concave  furfece,  move 
after  refraftion  parallel  to  Cp,  p  being  the  focus 
of  parallel  rays  incident  on  the  other  furface,  there- 
fore the  ray  p  I  muft  after  refra&ion  move  paral- 
lel to  Cp;  but  its  diredion  muft  neceflarily  be  I  Qj 
therefore  I Q^  is  parallel  to  Cp.  We  have  hence 
two  fimilar  triangles  QPC,  Cpq  and  QP  :  PC 
:  :Cp:  pq.  Now  if  I  is  very  near  to  E,  QP,  P  C, 
Cpy  pq  will  be  very  nearly  equal  to  QJT,  T  C,  C  /, 
/y,  and  by  making  as  QT  to  TC,  fo  C  /to  tq>  we 
(hall  find  a  point  q  near  to  which  all  the  rays  di- 
verging from  Qjvill  by  refra&ion  be  made  to  con- 
verge. 

Hence  QT  varies  inverfely  as  tq  \  that  is,  the 
greater  the  diftance  of  Q^from  T,  the  lefs  will  be 
that  of  q  from  /,  for  C  T  and  C  /,  remain  inva- 
riable in  the  proportion,  however  the  pofition  of  Q^ 
may  be  varied. 

The  points  Qjmd  q  are  always  on  oppofite  fides 
ofT  and/. 

If  the  point  Qjvas  at  fuch  a  diftance,  that  the 
rays-  diverging  from  it  might  be  confidered  as 
parallel,  q  and  /  would  coincide.  As  Qjvas  brought 
nearer  to  T,  q  would  recede  from  t-,  when  Qjind  T 
coincide,  litde  q  will  be  no  longer  in  the  line  E  q, 
but  the  refrafted  rays  will  now  be  parallel.  As  Q^ 
moves  from  T  to  E,  q  appears  at  a  great  diftance 
from  E  on  the  fame  fide  of  the  furfacc  with  Q^and 
overtakes  it  at  E* 

Diverging 
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Diverging  rays  incident  on  the  convex  iiirface  ot 
a  denfer  medium,  or  the  concave  furface  of  a  rarer 
medium,  are  made  to  converge  or  diverge  according 
to  the  fituation  of  their  foci  with  refpeft  to  the 
principal  focus.  When  they  are  incident  on  the 
convex  furface  of  a  rarer  medium,  or  the  concave 
furface  of  a  denier  medium,  their  progrefi  may  be 
fcen  in  Figures  ao,  2i» 

The  ray  QJ  diverging  from  Q^will  be  affe&ed 
in  the  fame  manner  as  if  it  was  fuppofed  to  con- 
verge to  P  the  principal  focus  of  rays  incident  on 
the  concave  furface ;  but  a  ray  converging  to  P* 
will  bv  refraction  of  the  convex  furface  be  made  to 
proceed  in  a  dire&ion,  parallel  to  C  P,  therefore  q  I 
will  be  parallel  to  C  P.  Again,  a  ray  incident  on 
concave  furface  converging  to  qy  may  be  confidered 
as  converging  to  py  the  focus  of  parallel  rays  on  the 
convex  furface,  and  therefore  by  refra&ion  of  the 
concave  furface,  it  will  be  made  to  proceed  in  a  di- 
rection parallel  to  Cp.  Hence  as  before  the  triangles 
QJP  C,  qp  C  are  fimilar,  and  the  fame  propfertion 
is  deduced  QT  :  T  C  : :  /C  :  tq. 

Rays  therefore  diverging  from  any  point,  and  in- 
tercepted by  the  convex  furface  of  a  rarer  or  con* 
cave  furface  of  a  denier  medium  will  by  refraltion 
be  made  always  to  diverge  more.  Upon  the  fame 
principles,  and  in  the  fame  manner,  the  effe&s  of 
fpherical  furfaces  on  converging  rays  is  fhewn* 
which  are  exaftly  oppofite  to  thofe  of  diverging  rays, 
and  a  learner  may  profitably  exercife  himfelf  by 
trying  the  effeft  on  paper  on  rays  converging  or  j 
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diverging,  rcfrafted  by  the  convex  or  concave  fur- 
face  of  different  mediums. 

Having  thus  difcovered  the  progrefs  of  rays  pf 
light  diverging  from  any  point,  and  intercepted  by 
a  refrafting  fpherical  furface,  we  (hall  find  no  diffi- 
,  culty  in  accounting  for  the  apparent  places  of  ob- 
jefts  feen  in  different  mediums  bounded  by  fpherical 
furfaces. 

Let  QM  (Plate  VII.  Fig/aa.)  be  an  objeft  in  a 
glafs  medium,  and  q  the  focus  of  refrafted  rays  di- 
verging from  Qj  m  the  focus  of  refrafted  rays  di- 
verging from  M.  Then  qm  will  be  the  image  of 
QJVI.  Let  O  be  the  place  of  the  fpeftator,  and 
join  Oq,Om,  then  r  s  is  the  part  of  the  glafs  through 
which  he  fees  the  objeft,  and  QrO,  M;0  are 
the  extreme  rays  by  which  it  is  feen.  Let  a  denic 
medium  be  now  bounded  by  a  convex  furface, 
fig.  23.  and  an  objeft  QM  be  at  fuch  a  diftance 
from  it>  that  its  image  (hall  be  q  m,  and  the  place  of 
the  fpeftator  O.  He  will  fee  only  part  o£  the  ob? 
jeft  correfponding  to  u  my  and  through  the  part  of 
the  furface  A  s,  and  the  objeft  will  appear  to  him 
inverted. 

If  the  eye  is  placed  nearer  the  furface  than  the 
image  is,  the  objeft  will  appear  confufed ;  for  the 
rays  ftriking  the  eye  will  then  be  converging  to  a 
place  behind  it:  but  as  I  have  been  rather  prolix 
on  this  fubjeft  in  the  cafe  of  objefts  before  refleft- 
ing  mirrors,  it  will  not  be  neceflkry  to  purfue  it 
farther,  as  on  the  fame  principles  the  reader  will 
with  eafe  determine  the  part  of  an  objeft  feetf  in 
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any  medium,  bounded  by  *  fpherical  fvrfece,  the. 
part  of  the  furfacc  through  which  i?  is  feen,  and  the 
rays  by  which  it  ia  feeri.  The  truth  of  iorac  of  thefe 
principles  may  be  experimentally  (hewn  by  obje&a 
placed  in  ghfs  vefl&s,  vrith  concave  or  convex 
iuf  fates,  Bfcd  v?hk  water,,  but  &  we  cannot  form  a 
medamr  rarer  than  that  i&  which  wc  Bve>  the  cafes 
of  objefts  placed  in  a  rarer  medium  muft  remain 
dlabKlhed  00  the  fixed  bafis  of  mathematical  truth 
herciaid  down.  Jf  we  were  indeed  to.  rarify  the  air 
in  a  hoilow  glaJts  globe,  we  might  obferve,  perhaps, 
the  changes  made  ih  die  apparent  places  of  an  object, 
according  to  the  fucceffive  degrees  of  rarefaction j 
fatftiH  die  objfttt  woojd  be  feen  through  one  me- 
dium much  (^enfer  tlian  the  furtounding  atmofphere, 
and  before  we  can  examine  the  apparent  fituation  of 
an. object: placed  in  one  medium,  which  is  feparated 
from,  another  by  a  inediuq}  of  a  different  denfity 
from  either,  and  bounded  by  a,  concave  and  convex 
furface,  we  muft  endeavour  to  account  for  the  ap- 
pearances which  are  daily  .before  our  eyes,  namely, 
the  changes  made  in  the  apparent  places  of  objects 
by  the  interpofition  of  a  denfe  fubftance  bounded  by 
fpherical  furfaccs. 
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Glajes  ufed  to  corre8  and  affift  the  Sight*— Different  Forms  of 
Ltnfetj-*Rffe8s  reftdting  from  thefe  different  Forme*— Double 
convex  and  concave  Lenjes.— Plano-convex  and  concave  Lenfes* 
—How  to  determine  the  Focus  of  a  Lens.-— Focus  of  Rays  di- 
verging from  a  Point i  and  intercepted  by  a  Lens.— -Focus  of  a 
Sphere* 


IN  common  life,  perfons  whofe  fight  is  bad.  make 
ufe  of  glaffcs  to  corxtft  the  defed  in  their  eyes, 
and  thefe  are  in  general  thin  pieces  of  glafs,  the  fur- 
faces  of  which  are  both  concave,  or  both  convex,  and 
equal  fegments  of  a  fphere.  Such  a  glafs,  we  have 
already  feen,  is  called  a  lens,  which  is  not,  however, 
confined  to  thefe  two  fhapes;  for  fbme  have  one  fur- 
face  plane  and  the  other  concave,  fome  have  one  fur- 
face  plane  and  the  other  convex,  others  have  one 
furface  concave  and  the  other  convex;  but  the  pro- 
perties of  all  thefe  glafles  will  be  eafily  underftood 
by  any  perfon  who  has  duly  confidered  die  efieft  of 
a  fingle  fpherical  refrafting  furface  on  the  rays  of 
light. 

1  c  is  neceflfary  to  premife,  however,  that  in  inVef* 
•tigating  die  properties  of  a  lens,  we  confider  its 
thicknefs  as  very  inconfidqrablc,  and  that  in  every 
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fpecies  there  is  a  point,  thrpugh  which  if  a  line  is 
drawn  in  any  direction,  and  interfedted  by  the  fur- 
faces  of  the  lens,  a  ray  refratted  by  one  furface  into 
this  line  will,  after  the  fecond  refra&ion,  emerge  pa-, 
rallel  to  its  firft  di  reft  ion. 

Let  A I  o  B  n  (Plate  VII.  Fig.  24,  25.)  reprefent 
a  convex  or  concave  lens,  the  radii  of  whofe  furfaces 
are  equal,  and  draw  C  I,  C  i  from  the  centers  C,  r, 
parallel  to  each  other,  and  join  I u  Suppofe  now  I  *     - 
to  be  a  ray  of  light  within  the  lens  refra&ed  by  both 
furfaces  at  I  and  /.     Since  the  radii  are  parallel,  the 
angles  of  incidence  are  equal,  and  confequendy  the 
angles  of  refraltion  are  equal,  and  the  refra&ed  rays 
mult  make  equal  angles  with  the  incident  ray  I  /, 
that  is,  they  mult  be  parallel  to  each  other.   A  fay,    • 
therefore/incident  on  I,' and  proceeding  in  the  direc- 
tion I  i,  will,  after  refraftion  at  1,  proceed  "in  a  di*    - 
reftion  parallel  to  its  firft  direction.     In  the  fame 
rrtanner  any  other  ray  incident  on  one  furface,  and 
proceeding,  in  the  line  joining  two  parallel  radii, 
will,  after  refraction  at  the  fecond  furface,  emerge 
parallel  to  its  firft  direction.     But  the  line  joining 
two  parallel  radii  will  always  pafs  through  the  fame 
point  mi  therefore  all   rays  pafiing  through  this 
point  m  will,  after  refraction  #  the  fecond  furface, 
proceed  parallel  to  the  direction,  which  "they  had    ■ 
before  the  firft  refra&ion.    This  point  m  is  the. 
center  of  the  lens,  and  in  the  two  cafes  before  us  k 
bife&s  jhe  thicknefs  of  the  lens  *  for  fioce  the  tri-   ; 
angles  Clm,  cim  are. fimilar,  C I  :  ti  : :  C m  :  cm  1 
and  as  C I  and  ci  are  equal  C  m  and  cm  are  equal,  , 
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and  confequently  n m  and  mo  are  equal.  If  the 
radii  were  not  equal,  the  center  of  the  lens  is  neareft 
to  that  furface  whole  radius  is  the  leaft,  and  its  place 
may  be  accurately  found  by  the  preceding  pro- 
portion. 

In  Plate  VIII.  Fig.  26,  27.  reprefent  two  lenfcs, 
the  one  with  a  plane  and  a  convex  furface,  the  other 
with  a  plane  and  a  concave  furface.  In  both  cafes , 
the  center  bf  the  lens  will  be  at  n  in  the  fpherical 
furface!  for  the  point  may  be  confidered  as  in  the 
tangent  to  the  circle  at  »,  which  is  parallel  to  A I  B, 
therefore  the  ray  I  i  makes  equal  angles  of  incidence 
at  the  points  I  and  /,  and  confequentty  the  angles  of 
refra&ion  will  be  equal.  From  the  proportion  alio 
difgovered  in  convex  or  concave  lenfes,  the  fame 
truth  is  evident ;  for  as  we  increafc  the  radius  bf 
A I B,  the  point  m  approaches  nearer  to  n%  and  as 
this  radius  may  be  increafed  without  limit,  the 
diftance  of  mn  may  be  decreafed  without  limit,  fo 
that  evidently  the  nearer  the  circle  approaches  to  a 
plane  figure,  the  nearer  will  be  die  approach  of 
m  to  n. 

Plate  VIII.  Fig.  28.  reprefents  a  lens  with  one 
ftjrface  concave  the  other  convex,  in  which  Cafe  the 
point  m  will  be  without  the  lens. 

Having  found  the  centre  of  a  lens,  we  are  next  to 
find  its  principal  focus  or  point,  from  which  parallel 
rays,  after  refra&ion,  appear  to  diverge,  or  to  which 
they  converge.  Let  A  B  (Plates  VIII.  IX.  Fig.  29, 
3°>31y3^  33>  34)  reprefent  a  lens,whofe  center  is  E? 
and  the  centers  of  the  furfacea  R  and  r,  and  kt  j  £  G 
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be  drawn  parallel  to  the  incident  rays ;  then  as  the 
dire&ions  before  and  after  refraction  of  a  ray  pafljng 
through  the  center  of  a  lens  are  parallel,  q  E  G  will 
reprefent  the  courfe  of  one  of  the  incident  rays  with- 
out fenfible  error.     Parallel  to  EG    draw   BR, 
and  in  B  R  produced  find  the  focus  V  of  parallel 
rays  incident  on  the  furface  B ;  therefore  by  the 
firft  refra&ion  the  parallel  cays  are  'made  to  ftrike 
the  fecond  furface  A,  converging  to  the  point  V. 
Join  t  Y-    Then  one  of  the  rays,  which  after  the 
firfl;  refraftiori  moved  within  the  glafs  in  the  direo* 
tion  r  Ai  will  Pa^  through  the  fecond  furface  A, 
without  any  refra&ion,  in  the  dire&ion  AV,  fince  r  A 
is  perpendicular  to  the  fecond  furface.     But  E  G  is 
the  courfe  of  another  ray  alfo  after  the  fecond  re- 
fraction, and  G,  the  point  of  interfe&ion  of  thefe  two 
rays,  will  be  the  focus  of  the  lens,  near  to  which  all 
the  other  rays  will  interfeft  each  other.    For  all 
the  rays  incident  on  the  fecond  furface  converging  to 
the  point  Y*  by  what  has  been  proved  of  rays  re- 
framed  by  a  fipgje  fpherical  furface,  will  be  made  to 
converge  to  a  point  between  A  and  V.     We  have 
found  the  point.  G,  as  above,  for  a  double  convex 
lens,  but  the.  fame  mode  of  reafoning  applies  to 
other  lenfes,  and  a  Jingle  infpedion  of  the  figure 
'qyJlfliew.  whether  the  rays  converge  or  diverge  after 
the  $rft  reJ&:a#ionf 

With  E  as  a  center,  and;  E  G.as  radius,  defcribe 
tfof  arc  GJF*  Xtenjf  die  dygfiion  of  the  parallel 
rpys  is  chapgedj  tJ\e  focus  will  always  be  in  the  arc 
and  if  .the  ifljci&Q^rays  are  parallel  to  rR, 
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the  axis  of  die  lcm,  the  principal  focus  is  in  F.  A 
double  cortvex  and  plane  contra  lens  make  parallel 
rays  to  converge;  a  double  colic  a  ve  and  plane  con- 
cave make  them  diverge  A  lens  with  a  concave 
and  convex  fur&ce  make  them  converge  or  di- 
verge, according  as  the  futfaces  do  or  do  hot  inter- 
fe£t  each  other,  or  in  general  k  may  be  laid  of  all 
thefe  lenfes,  that  the  parallel1  rays  converge  or  di- 
verge after  refra6Hon  according  as  the  middle  of 
the  glafs  is  thicker  or  thinner  than  its  extremities* 

Upon  the  fame  principles  alfo  may  be  found  the 
foci,  of  lenfes,  fuppofing  then*  to  be  compofec)  of 
fubftances  rarer  inftead  of  denier  than  the  furround- 
ing  medium. 

Having  found  the  principal  focus  of  a  lens,  w$ 
(hall  with  the  fame  eafe  fiiid  the  focus  of  rays  di- 
verging from  a  point,  and  intercepted  by  a  lens,  as 
we.  did  when  they  were  intercepted  by  a  fingle 
furfece,  Let  Q^  (Flare  IX.  Fig.  35.)  be  the  focus  of 
.  diverging  rays  incident  on  the  lens  A  B,  and  let  F, 
/,  be  the  principal  foci  of  rays  incident  on  the  fur- 
faces  B  or  A,  in  a*  contrary  direction,:  a*nd  let  Q^ 
reprefent  ath  incident  ray.  With  E  as  a  center 
and  E  F  radius,  defcribe  the  arc  F  G  interfering 
Qj  in  G,  join  E  G,,and  draw  A  q  parallel  to  E  G, 
then  with  E  as  a  center,  and  E/  radius,  defcribe 
the  arc/g  interfering  iq  in  g>  and  join  E  y.  Th* 
ray  QJ  will  be  afie&ed  in  the  fame  manner,  wher 
ther  it  is  confidered  as  diverging  from  Q^prGj 
but  fince  rays  parallel  taEG,  incident  on  the  furf 
face  B,  are  by  die  refraction  of  the  lens  made  to 
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4onvei-gc  to  G,  a  ray  diverging  from  G  will,  after 
the  rcfraftion  of  the  lens,  move  parallel  to  EG) 
therefore  the  ray  QJ  will  be  made  by  the  lens  to 
move  in  the  direction  A  q.  Again,  if  the  ray  was 
turned  back,  it  might  be  confidered  as  "diverging 
from  £,  and  by  the  lens  it  would  be  made  to  move 
in  the  dire&ion  i  Q,  parallel  to  E  q.  .  Hence  we 
have  two  triangles,  QG  £,  E  G  y>  fimilar  to  each 
other,  and  QJ3  :  GE  :  ;  Eg  :  gq ;  tljat  is,  the 
nearer  i  is  to  E,  the  nearer  will  this  proportion  be 
to  that  of  QF  :  F E  : 4  E/  :  fq,  a  proportion 
fimilar  to  that  which  we  found  before  with  fingie 
fur  faces  • 

The  points  Qjuid  q  will  be  on  the  oppoGte  fides 
of  their  refpeftive  foci.  The  greater  Q^F  is,  the 
lels  will  be  qf>  and  vice  verfa ;  and  the  apparent 
places  of  objefts  viewed  through  thefe  glafles  will 
be  found  in  the  fame  manner  as  with  fingie  furfaces. 
It  will  be  fufficient  therefore  only  to  refer  the  rea- 
der to  Platis  IX.  X.  Fig.  36,  37/  which  he  will 
eafily  under ftand  without  farther  explanation. 

The  principal  focus  pf  a  fphere  is  found  with  the 
fame  facility  as  that  of  a  lens.  Let  M  (Elate  X. 
Fig.  38.)  be  the  principal  focus  of  rays  incident  on 
the  convex  fujface  A  O,  then  bifeft  M  D,  in  I, 
and  I  will  be  the  principal  focus  of  the  fphere. 
For  let  the  ray  G  A  be  refra&ed  by  the  cqpirex  fur* 
face  to  B,  and  at  B  by  the  concave  furface  to  I, 
and  let  I  B,  G  A  produced  meet  each  other  in  R. 
Now  fuppofe  that  the  ray  A  B  within  the  fphere 
emerged  at  both  places  A  and  B,  then  fipce  the 
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angles  of  incidence  CAB,  C B  A  are  equal,  the 
angles  of  refra&ion,  and  the  difference  "between  the 
angles  of  incidence  and  refra&ion,  will  be  equal ; 
therefore  K A B  U  equal  to  KB  A>  and  K  A  equal 
to  K  B ;  but  the  triangle  B I M  is  fimilar  to  the  tri- 
apgle  K  B  A,  therefore  I B  is  equal  to  I  M  j  and  9s 
B  approaches  to  D,  the  nearer  will  I  B  be  equal  to 
I D,  that  is,  I P  to  I M,  and  cpnfequeijtly  the  prinr 
pipal  focus  will  bifed  DM,  qr  thp  leaft  diftance  of 
the  principal  focus  of  rays  refra&ed  by  the  convex 
furface  from  the  fphcr?. 

Having  thus  found  the  principal  focus  of  the 
Jphere,  I  fhall  leave  the  reader  to  find  the  apparent 
places  of  obje&s  feen  through  it,  as  the  mode  to  be 
purfued  has  already  been  fufficiently  defcribed,  and 
the  proportion  is  fimilar  tg  t^at  difcqyered  in  thg 
(Kopfideration  of  leqjes, 
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Chap.    VI. 
of  vrsrpN-  and  otticalglasses. 

The  Bye  dtfcrjbed  at  an  optical  Infiruptent.  —&e/e3s  of  the  Eye.-^ 
SAorJ  and  <w tab  Sight.— JTfo  former  remedied  by  d&uBft  concervk^ 
a^rf  tic- latter  by  fiuble  cpn<vex%  Gkffks.—ih<w  the  Fondly  of  fee- 
ing correctly  is  acquired.— Apparent  Magnitude  defends  on  the 
Diftance  of  ObjfBs.—Fifual  Angle.— In  'what  Manner  Glajfes 
affift  the  Sight. 

I 

THE  ftruftore  of  the  eye  will  be  conJL- 
dordia  anothec  place  *  -r  ic  will  be  fofficient 
therefore  at  prefent  to  treat  it  as  a  fimple  lensr, 
which  has  the  power  of  refradting  the  rays  of  light, 
incident  upon  it,  on  the  retina,  whence  we  derive 
all  our  ideas  of  fight,  and  by  repeated  experience 
correft  the  errors  which  by  that  organ  alone  might 
have  been  produced.  Let  AB  (Plate  X.  Fig*  39.) 
reprefent  a  feftion  of  the  eye,  M  N  being  the  pu- 
pil, A  q  pB  the  retina  or  optic  nerve  expanded  over 
the  internal  furface  of  the  eye,  and  let  qp  be  the 
image  of  QJP  made  by  the  lens  M  N.  The  a&ion 
produced  on  the  part  of  the  retina  qp  occafions  a 
fenfation,  from  which  we  derive  -  by  the  fight  our 
knowledge  of  external  objedts. 

•  Sec  Book  IX.  Chap.  41.  Senfc  of  Sight. 

•    •        '•  Now 
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« 

Now  if  the  lens  MN  was  fixed,  the  image  of 
two  objedts  at  different  diftances  from  the  eye 
would  not  fall  on  the  retina,  and  therefore  it  is 
wifely  provided  by  our  Creator,  that  we  fhould 
have  the  power  of  adapting  the  lens  to  the  diftance 
of  the  objeft,  fo  that  its  image  fhould  be  always 
upon  the  retina.  This  is  the  cafe  with  the  gene- 
rality of  mankind ;  but  all  perfons  have  not  this 
power  5  for  the  eyes  of  fome  are  fo  conftrufted* 
that  the  rays  of  light  either  converge  too  foon  or 
too  late;  that  is,  the  image  is  made  in  fome  place 
between  the  retina  and  the  pupil,  or  it,  would  be 
made  behind  the  retina,  if  the  retina  was  removed  $ 
hence  thefe  perfons  cannot  fee  objects  diftinftly* 
and.  to  remedy  thefe  defedts  glafles  are  ufed,  which 
in  the  one  cafe  make  the  rays  diverge,  and  ip  tjip 
other  cafe  make  them  converge.  Thus  for  fliort- 
Cghted  perfons  as  they  are  called,  double  concave 
glafles,.  for  long- lighted  perfons,  double  conxei; 
glafles  are  ufed.  By  means  of  the  cdncave  glafles* 
the  rays  incident  on  the  eye  are  made  to  diverge 
more;  and  confequendy  the  eye,  which  before 
made  them  converge  too  foon,  will  now  be  able  to 
form  the  image  on  the  retina.  By  the  convex 
glafles  the  rays  are  made  to  converge,  and  confe- 
quendy the  image,  which  would  otherwife  hav* 
been  behind  the  retina,  is  now  formed  in  its  prQper 
place  on  the  retina, ' 

It  is  a  long  time,  probably,  before  the  child  is, 
able  to  ufe  all  the  mufcles  by  which  the  pupil  is 
contracted  or  expanded,  fo  that  the  image  fhould    , 

fall' 
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fall  e*a<5Hy  upon  the  retina,   and  then  the  ideas 
formed  by  the  fight "  muft  be  exceedingly  inaccu- 
rate.    At  firft  all  obje&s   will  appear  equally  to 
touch  the  eye,  and  the  apparent  magnitude  of  the 
objeft  will  depend  on  the  part  of  the  retina  covered 
by  the  image.   By  degrees  thefe  ideas  are  corre&ed, 
and  the  hands  inftrud,  after  fome  difficult  experi- 
ments, the  eye.     The  child  difcovers  that  obje6ts 
are  at  a  diftance  from  its  body,  and  that  fuch  as 
piake  the  fame  angle  at  the  pupil  are  not  always  of 
the  fame  real  magnitude ;  hence  it  learns  by  de- 
grees to  combine  together  the  angle  under  which  an 
objeft  is  fcen  and  the  diftance,  and,  according  to 
its  future  employments  in  life,  thefe  ideas  will  be 
combined  together  with  greater  or  lels  accuracy. 
The  judgment  of  one  perfon,  ^ccuftomed  to  diftant 
obje&s,  will  be  very  correct,  while  a  perfon  em- 
ployed in  the  nicer  works  of  art  will  be  continually 
deceived  in  looking  at  the  fame  diftant  obje&s,  and 
the  contrary. 

An  objeft  will  affe£l  us  differendy,  I  have  faid, 
according  to  the  angle  uncjer  which  it  is  feen^  and  its 
diftance.  Firft,  if  feveral  objefts  are  feen  under  the 
feme  angle,  they  would,  to  a  perfon  whofe  judg- 
ment was  not  better  informed,  appear  to  be  of  the 
feme  fize,  for  they  would  make  the  fame  image 
upon  the  retina. 

Again,  if  feveral  objefts  were  at  the  fame  dis- 
tance from  the  eye,  the  magnitude  of  the  vifual 
angles,  and  the  fmall  images  on  the  retinas,  would 
depend  on  the  magnitude  of  the  objedbs. 

Rene© 
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-  Hence  the  red  magnitude  varies  as  the  diftance* 
when  the  vifual  angle  is  the  fame ;  and  it  varies  as 
the  vifual  angle,  when  the  diftarjee  is  the  fame ; 
therefore  the  real. magnitude  of  an  object  varies  as 
the  vifual  angle,  or  apparent  magnitude  multiplied 
into  the  diftance. 

By  repeated  experiments  the  fight  of  every  perfon 
might  be  much  improved.  Suppofe  a  yard  to  be 
placed  at  .a  certain  diftance  from  the  eye,  and  the 
apparent  magnitude  of  the  yard  and  the  diftance  to 
be  fo  imprefled  on  the  fpeftator's  mind,  that  on 
fetting  it  up  in  any  place  he  could  walk  back  and 
fix  cxa&ly  on  the  fpot  which  Ihould  be  at  the  firft ' 
given  diftance  from  his  eye  to  the  yard,  he  might, 
by  degrees,  accuftom  himfelf  to  meafure  obje&s  fo 
accurately,  as  to  be  very  little  liable  to  miftakes  in 
any  of  his  calculations.  What  he  could  do  by  ob- 
fervation,  we  do  by  theory.  Thus  when  the  ,dif- 
tance  of  an  objeft  and  the'  angle  under  which  it  is 
feen  are  given,  we  •  can  very  nearly  tell  its  real 
magnitude.  Let  QP  «(Fig.  40.)  be  the  objedt, 
O  the  place  of  the  ipe&ator,  at  the  diftance  of  one 
hundred  rods,  and  the  angle  under  which  it  is  feen 
thirty  degrees.  Then  fuppofe  R  S  to  be  a  pole,  ex- 
actly a  rod  high,  ere&ed  perpendicularly  at  a  rod's 
diftance  from  O  y,  and  note  the  angle  under  which 
it  is  feen.  Then  QP  :  R  S  :  :  QO  P  X  O  Q^ 
: :  JtOSxORj  let  ROSzj,  .\  QP  :  one 


rods 


—  30  X  IOO 


rod  : :  30°  X  100  :  a  .\  QP  = 

By  the  fame  proportion  from  the  real  and  appa- 


rent 
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rent  magnitudes  tte  can  find  the  diftaoce>  or  front 
the  teal  magnitude  and  the  diftance  find  the  appa- 
rent magnitude. 

For  fince  QP  :  R  S .: :  QO  PxOQ:  RO S 
X  OR,  QP  :  i  : :  QOP  x  OQj  *  .-.  OQ_ 
__      a.QP         ,~rn>        a.QP 

=  ■QpF-and(^op=-oar 

To  fee  any  objedt  it  has  been  obferved  (Fig.  39.) 
that  an  impreflion  muft  be  made  upon  the  re- 
fute*  but  to  the  eye,  as  to  the  other  fenles*  it 
happens,  that  an  impreflion  does  not  always  pro- 
duce a  fenfetion.     There  is  an  angle  q  M  p  of  a 
determinate  magnitude  *,  which  varies  indeed  in     ■ 
the  eyes  of  different  perfbns,  but  is  fuch  that  any 
objeft   making  a  lefs  angle  in  the  pupil  does  not 
produce  a  fenfation  on  the  retina  of  fuch  a  nature 
that  a  perfon  can  haVe  a  determinate  idea  of  the 
objeft.     This  angle  is  in  general  about  half  a  mi-     i 
tiwtt  5  and  each  perfon  may  difcover  the  ftrength  of  .! 
his  fight  by  taking  an  objedt  of  a  determinate  length> 

*  If  the  diftance  of  any  object  from  the  eye  is  fufficiently 
great  for  the  rays  to  fall  nearly  parallel  on  the  pupil,  the  fame 
objett  is  feen  more  enlarged  and  diftinct  the  nearer  it  is  brought 
to  the  eye,  becaufe  the  image  of  any  object  on  the  retina  will 
be  greater  or  lefs  in  proportion  to  its  apparent  .magnitude : 
when  the  objeft  is  too  near  the  eye  it  continues  to  be  enlarged, 
but  is  con fu fed.     The  lead  di fiance  is  about  fix  inches. 

The  eye  is  capable  of  diftirrguiming  objects  that  fubtend  an  | 
angle  of  half  a'  minute  of  a  degree,  in*  which'  cafe  the  image  on 
the  retina  is  lefs  in  breadth  than  the  7^v  part  of  an  inch,  and  j 
the  object,  fuppofing  it  fix  inches  diftant,  about  the  -+£t*  part  ( 
of  an  inch  broad.  And  all  finaller  obje&s  axe  invifible  to- the  • 
naked  eye. 

and 
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and  removing  it  to  fuch  a  diftance  that  it  fhall  juft 
ceafe  to  be  vifible,  or  appear  only  as  a  point.  Let 
QJ?  (Fig.  40.)  be  carried  to  that  diftance,  then 
meafiire  OQ>  and  fay,  asOQj.QJP  :  :  radius  : 
tangent  of  QOP>  and  the  angle  QOP  will  be 
found,  or  the  leaft  angle  under  which  an  objeft  is 
feen.  :  :  . 

When  objefts  are  beyond  that  diftance,  they  con- 
fequently  are  invifible  to  usj  and  if  by  any  art  we 
can  make  them  appear  as  if  they  were  Within  this 
diftance,  they  will  then  appear  to  t$  as  other  obje&s 
feea  under  the  fame  angle,  4nd  at  the  fame  diftance^ 
Upon  this  principle  depend  many  of  the  effcfts 
produced  by  giaflfes  and  telefcopes,  which  I  fhall 
confidcr  firft  in  the  fimpleft  cafes. 

A  perfon  at  O  (Fig.  40.)  can  fee  diftirj&ly* 
we  will  fuppofe,  art  objeft  placed  at  the  diftance 
Of,  but  if  it  is  removed  beyon4  that  diftance 
his  vifion  is  confuted.  Let  an  objeft  be  placed 
at  the  diftance  O  Q^  by  means  of  a  double  con- 
cave glafs,  which  makes  the  rays  diverging  from 
Q^tt>  appear  to  diverge  from  j,  the  objedfc  will  be 
feen  diftinftly.  On  the  other  hand*  if  a  perfon  can 
fee  diftin&ly  all  obje&fc  at  the  diftance  QP,  but 
none  within  that  diftance,  by  means  of  a  double 
convex  glafs,  which  makes  the  rays  diverging  from 
f  p  to  appear  to  diverge  from  QJP,  he  will  fee  the 
pbjaft  qp  diftindbly.  To  find  then  by  what  fort 
of  lens  an  objedt  is  to  be  feen  at  any  diftance,  we 
muft  take  into  conflderation  the  diftance  of  the 
abjeft,  and  the  diftance  of  diftind  vifion,  from 
4  which 
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which  it  will  be  eafy  to  find  a  lens  of  fuch  a  focal 
length  as  will  make  the  objed  appear  at  the  diftance 
required*  - 

For  in  Plate  XL  Fig.  41, 42,  the  triangles  Q^A  jB 
E^y,  are  fimilar;  therefore, 

QA  :  Qjj  ::  Eg  :  Ey,  oi\ 
QE  :  Qj  ::  E/  :  Eqi 

That  is,  the  focal  length  of  the  glafs  is  equal  to  the 
teftangle  under  the  diftances  oCdiftinft  vifion  and 
the  given  objedt  divided-  by  the  difference  of  thefe 
diftances* 

If  in  the  cafe  of  fhort-fighted  perfons  the  obje& 
is  at  fuch  a  diftance  that  the  rays  coming  from  it  to 
the  eye  may  be  confidered  as  parallel,  QE  and 
Qjj  may  be  confidered  as  equal  without  any  mate- 
rial error,  and  the  focal  length  of  the  glafs  will  then 
be  equal  to  the  diftance  of  diftind  vifion. 

By  want  of  attention  in  the  choice  of  glafles,  a 
defeft  in  fight  may  be  confiderably  increafed,  for 
the  eye  may  be  ftrained  to  an  accommodation  with 
the  glafs.  Shon-fighted  perfons,  as  they  advance 
in  years,  are  often  found  to  improve  in  fight ;  long- 
lighted  perfdns,  on  the  contrary,  find  their  fight  im-^ 
paired  by. age*  For  the  convexity  in  the  pupil  of 
both  diminifhes  with  years  *;  in  one  cafe  it  was  too 

•  This  is  the  generally  received  opinion,  bat  from  Tome  ob- 
fervations  lately  communicated  to  the  world  in  the  Philofophi* 
cal  Tranfa&kms,  by  Dr.  Hofack,  there  is  rcafon  to  believe,  that 

the 
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great,  and  confequently  the  diminution  was  benefi- 
cial ;  in  the  other  cafe  it  was  already  too  fmall,  and 
the  diminution  mud  be  confequently  prejudicial. 

With  a  fingle  glafi  the  defedfcs  in  fight,  with  re- 
fpeft  to  many  obje&s  either  too  near  t>r  at  too  great 
a  diftance,  for  the  perfons  labouring  under  them,  are 
remedied;  but  it  has  been  before  obierved,  that  there 
is  a  certain  angle  to  every  perfbn,  which  limits  his 
fight,  and  confequendy  obje&s  making  an  angle  left 
than  that  to  his  eye  muft  be  indiftin&ly  perceived. 
The  art  of  man  has  difcovered  a  remedy,  in  a  great 
degree,  to  this  imperfe&ion,  and  by  means  of  a 
combination  of  glafies  has  opened  a  wide  field  for 
his  refearches  into  the  wonders  of  nature ;  he  can 
now  trace  the  limbs  of  an  infe&'invifible  to  the 
naked  eye,  or  he  can  make  the  celeftial  obje&s 
appear  to  him  as  if  their  diftance  had  been  on  a  fud- 

den  diminished  by  many  millions  of  miles. 

§ 

the  convexity  and  concavity  are  not  changed*  as  was  generally 
imagined,  but  that  the  mufcles  of  the  eye  grow  weaker,  like 
other  mufcles,  by  age,  and  confequently  are  not  able,  as  in  early 
life,  to  vary  the  diftance  between  the  retina  and  anterior  furface 
of  the  eye,  (b  as  to  make  it  correfpond  to  the  diftance. of  the 
object.  This  queftjon  will  doubtlefc  occupy  the  attention  of  the 
anatomift  and  philofopher. 
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Chap.     VII. 

TISION   THROUGH    TELESCOPES    AND 

MICROSCOPES. 

frinctfhs  $n  <wbicb  thtjt  Inftntments  are  t*nftru8€ij~-Defe3sj*** 
Tik/cofi  of  GaliUo.-~Microfcopt.—Refittling  Tekfcofe<-^CdunerM 
Qbfcura.—Magk  Lantborn. 

LET  QJ?  (Plate  XL  Fig.  43  •)  rcprefent  a  very 
diftant  objeft,  and  lee  the  rays  coming  from 
it,  before  they  fall  upon  the  eye,  be  intercepted  by 
two  convex  lenfes,  placed  at  a  diftance  from  each 
other  equal  to  the  fum  of  the  focal  lengths.  The 
lens  A  B  is  called  the  objett-glafs,  from  its  being 
oppofed  to  the  objeft ;  C  D  the  eye-glafs,  from  its 
being  neareft  to  the  eye.  Since  the  objedfc  is  at  a 
very  great  diftance,  the  image  made  by  refraftion, 
qfy  will  be  made  at  a  diftance  from  the  objeft-glali 
equal  to  its  focal  length,  and  confequently  the  image 
is  diftant  from  the  other  glafs  exa&ly  its  focal 
.  length,  and  the  rays  diverging  from  any  point  of 
the  image  will,  after  refraftion  by  the  eye-glafs, 
move  parallel  to  the  line  drawn  from  that  point 
through  the  center  of  the  glafs.  The  progrefs  of 
the  rays  then,  by  which  the  objeft  is  feen,  is  eafily 
traced.  A  ray  P  b  will  be  refra&ed  by  the  objeft- 
glafe  in  the  direction  P  Ap  D,  and  by  the  eye-glafs 
m  ia 
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in  the  dire&ion  JO  parallel  to  ^E.  The  angle, 
therefore,  under  which,  the  image  is  lean,  is  equal 
to  qfcp*  and  the  angle  by  which  the  objedt  would 
have  been  feen  by  the  naked  eye  is  equal  to  q  F  p  $ 
confequenrly  the  magnitude  of  the  objeft  feen  by 
the  naked  eye  is  to  its  magnitude,  feen  through  the 
glafies,  as  q  F  p  to  q  Ep,  that  is,  as  q  E  :  q  F,  or 
as  the  focal  length  of  the  eye-glafs  to  the  focal 
length  of  the  objeft-glafs.  : 

By  this  fimpfe  combination  of  glaffes  an  obje& 
appears  inverted  ,•  but  this  is  of  no  confequence  to 
aftronomers,  and  for  objefts  on  land  fcveral  con- 
trivances are  ufed  to  re&ify  this  appearance.' 

The  quantity  of  the  objedfc  vifible  depends  upon 
the  magnitude  of  the  eye-glafs.     Let  Ap  represent 
an  extreme  ray  refra&ed  by  the  objedt-glafe  j  if  the 
eye-glafs  is  of  fuch  a  magnitude  as  to  intercept  it, 
the  whole  of  the  objeft  will  be  feen ;  if  the  eye-  , 
glafs  is  too  fmall  for  this  purpofe,  join  DA,  C  B, 
the  extremities  of  the  lenfes,  and  the  part  of  the 
image  cut  off  by  thefe  lines  will  fhew  the  propor- 
tional part  of  the  objeft  which  is  in  vifible. 
•     Since  the  focal  lengths  of  two  lenfes  are  fufcepti- 
We  of  any  proportion  whatever,  it  might  feent  that 
nothing  more  was  necefiary  than  to  take  two  lenfes 
of  determinate  focal  lengths  to  make  us  intimately 
acquainted  with  the  -moft  difl^nt  of  the  heavenly 
bodies;  but  after  a  certain  length  the  difficulty  of 
managing  thefe  glafles  becomes  infurmountablc  * 
and  for  diftant  objefts  on  the  earth,  when  the  mag* 
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nifying  pdwer  is  more  than  a  hundred,  the  vapours 
.  on  the  earth  would  render  vifion/obfeure. 

The  breadth  of  the  objed-glafs  is  of  no  confe- 
,  quence  as  to  the  magnifying  power,  for  whatever  it 
may  be,  the  image  will  be  equally  formed  at  the  dis- 
tance of  its  focal  length ;  but  the  brilliancy  of  the 
image  will  be  increafed  by  the  breadth,  as  a  greater 
number  of  rays  will  then  diverge  from  every  given 
point  of  the  image. 

To  make  the  image  appear  ereft,  two  other  con- 
vex lenfes  are  required,  of  equal  focal  lengths.  The 
rays  emerging  from  the  eye-glafs  are  intercepted  by 
the  fir  ft  of  thefe  lenfes,  and  are  made  to  converge 
to  points  at  thediftance  of  its  focal  length;  thence 
they  diverge,  and  being  intercepted  by  the  other 
lens  at  the  diftancc  of  its  focal  length,  they  are  made 
.to  proceed  parallel  to  the  lines  drawn  from  each 
point  through  the  center  of  the  lens.  Thus  the 
firft  image  of  QJ>  (Fig.  44.)  is  qp,  the  fecond  K  I. 
The  apparent  magnitude  of  the  objeft  is  not  changed 
by  thefe  glaffcs,  and  depends,  as  before,  on  the  focal 
lengths  of  the  object-  glafs  and  lens  neareft  to  it.  The 
•brilliancy  of  the  objeft,  however,  will  be  diminifliedj 
-fince  feveral  rays  will  be  loft  in  their  paflage  through 
the  two  additional  glaffes. 

An  inftrument  made  with  glades  combined  toge- 
ther in  this  manner,  and  inferred  in  a  tube,  is  called 
a  refracting  telefcope;  the  latter  word  implying, 
^according  to  its  fignification  in  the  Greek  language   : 
the  property  of  feeing  obje&s :  at  a  diftancer    I  j* 

placing  ' 
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placing  the  gkfles  in  this  tube,  care  muft  be  taker* 
that  the  axes  of  the  lenfes  coincide,  or,  as  it  is  evf* 
dent  from  our  principles,  indiftinft  vifion  only  will 
-be  produced. 

Inftead  of  the  two  additional  glafles,  Galileo 
changed  the  convex  eye-glafs  into  a  concave  one, 
by  which,  as  to  the  magnifying  power,  the  fame 
cffeft  was  produced.  Thus  (Fig.  45.)  qp  being 
the  image  of  QJP,  by  placing  a  double  concave 
lens  between  this  image  and  the  objeft-glafs,  the 
rays  converging  to  p  appeared  to  diverge  from  R, 
and  I R,  the  image  feen  by  the  eye  at  O,  was  made 
creft.  In  this  cafe,  the  nearer  fhe  eye  is  placed  to 
the  glafs,  and  the  greater  the  pupil,  the  more  of 
the  objed  will  be  feen. 

A  microfcope,  or  an  inftrument  formed  to  in(pe£t 
minute  objects,  is  conftru&ed  exp&ly  on  the  fame 
principles.  A  globe  of  glafs,  or  double  convex* 
lens,  will,  from  what  has  been  faid,  anfwer  the  pur- 
pole;  or>  a  minute  obje£t,  feen  through  two  convex 
lenfes,  will  be  magnified  in  the  proportion  of  the 
focal  length  of  the  objeft-glafs  to  that  qf  the  eye* 
glafs  *«    In  all  cafes,  in  whatever  manner  we  com* 

bine 

*  Microfcopes  are  conftrufted  in  two  different  modes. 
The  one  is,  by  the  incerpofition  of  a  convex  lens  between 
the  object  and  the.  eye*  to  render  it  diilinlt  at  a  lefs  diftance 
than  fix  inches,  by  which  means  itt  apparent  magnitude  in- 
Creafes  as  the  diftance  is  diminifhed ;  and  the  other  is,  by  plac- 
ing the  object  fo  with  refpect  to  a  convex  lens,  that  its  focal 
image  may  be  much  greater  than  itfelf,  and  contemplating 
(hat  image  iaftead  of  the  object.    The  firft  are  called  fimple  or 
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bine  our  gjafies  to  ,difcover  the  magnifying  power, 
it  is  neceflajy  only  to  compare  together  the  angles 
fender  which  (he  qbjeft  is  feen  through  the  eye- 

glafs» 

Jingle  microfcope*,  and  the  latter  compound  or  double.  The 
former  is  constructed  in  this  manner:  fuppofe  a  fmall  object 
fituate  very  near  the  eye,  Co  that  the  angle  of  its  apparent  mag- 
nitude may  be  large;  then  its  image  on  the  retina  will  alfo 
"fee  large ;  but  becaufe  the  pencils  of  rays  are  too  divergent  to 
be  collected  into  their  loci  on  the  retina,  it  will  be  very  con- 
fufed  and  indiftirict.  Then  let  a  convex  lens  be  interpofed,  fo 
that  the  diftance  between  it  and  the  object  may  be  equal  to  the 
local  length  at  which  parallel  rays  would  unite,  and  the  rays 
which  diverge  from  the  object,  and  pafs  through  the  lens,  will 
afterwards  proceed,  and  confequemly  enter  the  eye,  parallel ; 
they  will  therefore  unite,  and  form  a  diftinct  image  d'n  the  re- 
tin  a,,  and  the  object  will  be  clearly  feen,  though  if  removed  to 
the  di fiance  of  fix  inches,  its  fmallnefs  would  render  it  invifible. 
the  moft  convex  lenfes,  Having  the  (horteft  focal  diftance  of 
parallel  rays,  muil  magnify  the  molt ;  for  they  permit  the  ob- 
ject to  approach  nearer  the  eye  than  thofe  do  which  are  flat- 
ter. 

A  drop  of  water  is  a  kind  of  micro fcope,  from  its  convex 
fa-face*  for,  if  a  fmall  hole  is  made  in  a  plate  of  metal,  or  other 
thin  fubftance,  and  carefully  filled  with  a  drop  of  water,  fmall 
objects  may  be  feen  through  it  very  diftinct,  and  much  magni- 
fed. 

In  the  compound  microfcope,  the  image  is  contemplated  in- 
stead of  the  object ;  it  is  of  two  kinds,  the  folar  and  the  com* 
mon  double  microfcope;  in  the  latter,  the  image  is  viewed 
through  a  fingle  lens  in  the' fame  manner  as  the  objc8  in  aiingle 
microfcope.  The  folar  microfcope  is  conftructed  by  placing  a 
convex  lens  oppofite  a  hole  in  a  darkened  chamber,  and  placing 
the  object  at  a  proper  di (lance  from  the  lens,  the  pencil  of  light 
will  converge  to  a  focus  on  a  fcreen,  and  the  pencil  which  pro- 
ceejU  from  the  other  point  will  converge  to  another  focus,  and 

the 
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glafs,  and  that  under  which  it  would  have  been  fee* 
by  the  naked  eye. 

Inftead  of  lenfesonly,  for  reafons  hereafter  to  be 
mentioned,  a  combination  has  been  formed  of  re- 
flecting furfaces  and  lenfes,  and  from  the  names  of 
the  inventors,  thofe  of  the  greatcft  ufc  are  now  called 
the  Newtonian,  Gregorian  *,  and  Herfchelian  tele- 
scopes. The  refle&ing  telefcopc  on  the  Gregoriaa 
principle,  which  is  the  moil  common,  as  it  is  found 
to  be  the  mod:  convenient,  is  conftru&ed  in  the  fol* 
lowing  manner. 

At  the  bottom  of  the  great  tube  (Plate  XII.  Fig. 
46.)  TTTT  is  placed  a  large  concave  mirtor 
DUVF,  whofe  principal  focus  is  at  m>  and  in  the 
middle  of  this  mirror  is  a  round  hole  P,  oppofite  tp 
which  is  placed  the  fmall  mirror  L,  concave  toward 
<ihe  great  one,  and  fo  fixed  to  a  ftrong  wire  M,  that  it 
may  be  removed  further  from  the  great  mirror,  or 
nearer  to  it,  by  means  of  a  long  fcrew  on  the  infidp 
of  the  tube,  keeping  its  axis  ftill  in  the  fame  line 

the  intermediate  points  of  the  objeel  will  be  formed  Into  a  pic-* 
ture,  which  will  be  as  much  larger  than  the  object  in  proportion 
a*  the'diftance  of  the  fcreen  exceeds  that  of  the  image  from  tbt 
lens, 

#  The  difference  between  the  Newtonian  and  Gregorian 
telefcope  is,  that  in  the  former  the  fpe&ator  looks  in  at  the  fide 
through  an  aperture  upon  a  plane  mirror,  by  which  the  rays  re* 
fle&ed  from  the  concave  mirror  are  refle&ed  to  the  eye-glafs* 
whereas  in  the  latter,  the  reader  will  fee  that  he  looks  through 
the  common,  eye  glafs,  which  ia  in  .general  more  convenient,  and 

.  therefore  that  is  the  telefcope  .which  is  bow  in  the  moft  naive?-* 

.fid  refute. 

CL4  P»» 
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Ymn  with  that  of  the  great  one.  Now,  fince  in 
viewing  a  very  remote  objeft,  we  can  fcarcely  fee  a 
point  of  it,  but  what  is,  at  leaft,  afc  broad  as  the 
great  /mirror,  we  may  cqnfider  the  rays  of  each 
pencil,  which  flow  from  every  point  of  the  objeft, 
to  be  parallel  to  each  other,  and  to  cover  the  whole 
reflecting  furface  D  U  V  F.  But  to  avoid  confij- 
fion  in  the  figure,  we  fhall  only  drdw  two  rays  of  a 
pencil  flowing  from  each  extremity  of  the  objeft 
into  the  great  tube,  and  trace  their  progrefs  through 
all  their  reflexions  and  xefraftions  to  the  eye /at 
the  end  of  the  ftnall  tube  //,  which  is  joined  to  the 
great  pne. 

Let  us  thep  fuppofe  the  objeft  A  B  to  be  at  fuch 
a  diftance,  that  the  rays  C  may  flow  from  its  lower 
extremity  B,  and  the  rays  E  from  its  upper  extre- 
mity A  j  then  the  rays  C  felling  parallel  upon  the 
great  mjrror  at  D,  will  be  thence  refle<5ted  converg- 
ing in  fhe  direftion  D  G,  and  by  croffing  at  I  in 
the  principal  focus  of  the  mirror,  they  will  form  the 
upper  extremity  I  of  the  inverted  image  I  K,  fimi- 
lar  to  the  lower  extremity  B  of  the  object  A  B,  and 
palling  on  to  the  concave  mirror  L  (wjiofe  focus 
is  at  n)  they  will  fall  upon  it  at  g>  and  be  thence 
refleft^d,  converging  in  the  dire&ion  gN9  becaufe 
g  m  is  longer  than  g  n>  and  palling  through  the  hole 
P  in  fhe  large  mirror^  they  would  meet  fomewhere 
about  r,  and  from  the  lower  extremity  h  of  the  eredt 
image  a  b,  fimilar  to  the  lower  extremity  B  of  the 
object'  A  B.  But  by  pafling  .through-the  plano-ccn- 
yex  glafs  R  in  their  way,  they  form  that  extremity 
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of  the  image  at  b.  In  the  fame  manner  the  rays  E, 
which  come  from  the  top  of  the  objeft  AB,  and  fell 
parallel  upon  the  great  mirror  at  F,  are  thence  "re- 
fietted,  converging  to  its  focus,  where  they  form  the 
lower  extremity  K  of  the  inverted  image  I K  fimilar 
to  the  upper  extremity  A  of  the  objecfc  A  B,  and 
thence  pafling  on  to  the  fmall  mirror  L,  and  falling 
upon  it  at  b,  they  are  thence  refledted  in  the  con- 
verging ftate  b  O ;  and  going  on  through  the  hole  P 
of  the  great  mirror,  they  would  meet  fomewhere 
about  q ,  and  form  there  the  upper  extremity  a  of  the 
ereflyimage  a  b%  fimilar  to  the  upper  extremity  A  of 
the  objetft  AB;  but  by  palF.ng  through  the  convex 
glafs  R  in  their  way,  they  meet  and  croft  fooner,  as 
at  a,  where  that  point  of  the  ereft  image  is  formed; 
The  like  being  underftood  of  all  thafe  rays  which 
flow  from  the  intermediate  points  of  the  objeft  be* 
tween  A  and  B,  and  enter  the  tube  T  T,  all  the  in* 
termediate  points  of  the  image  between  a  and  b 
will  be  formed ;  and  the  rays  pafling  on  from  the 
image  through  the  eye- glafs  S,  and  through  a  fmall 
hole  e  in  the  end  of 'the  leflfer  tube  /  /,  th?y  enter 
the  eye /J  which  fees  the  image  a  b  (by  means  of  the 
eye-glafs)  under  the  large  angle  ced,  and  magni- 
fied in  length  under  that  angle  from  c  to  d. 

In  the  beft  refle&ing  telefcopes,  the  focus  of  the 
fmall  mirror  is  never  coincident  with  the  focus  m  of 
the  great  one,  where  the  firft  image  I K  is  formed, 
but  a  little  beyond  it  (with  refpeft  to  the  eye)  as 
at  n ;  the  confequence  of  which  is,  fhat  the  rays 
pf  the  pencils  will  not  be  parallel  after  reflection 

from 
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from  the  finall  mirror,  but  converge  fo  as  to  meet 
in  points  about  q>  e>  r,  where  they  would  form  a 
larger  upright  image  than  a  b>  if  the  glafs  R  was 
not  in  their  way,  and  this  imag(^  might  be  viewed 
by  means  of  a  fingle  eye-glafs  properly  placed  be- 
tween the  image  and  the  eye  $  but  then  the  field  of 
view  would  be  lefs,  and  confequendy  not  fo  pleafant  * 
for  that  reafon  the  glafc  R  is  dill  retained  to  enlarge 
the  Jfcope  or  area  of  the  field. 

To  find  the  magnifying  power  of  this  telefcopc, 
multiply  the  focal  diftance  of  the  great  mirror  by  the 
diftance  of  the  frtiall  mirror  from  the  image  next 
the  eye,  and  multiply  the  focal  diftance  of  the  fmall 
mirror  by  the  focal  diftance  of  the  eye  -glafs ;  then 
divide  the  produd  of  the  former  multiplication  by 
that  of  the  latter,  and  the  quotient  will  exprefs  the 
magnifying  power*. " 

The  immenfely  powerful  telefcopes  of  Dr,  Herf- 
chel  are  oh  a  different  conftru&ion.     This  afliduous 

* 

aftronomer  has  made  feveral  fpeculums,  which  are 
fo  perfeft  as  to  bear  a  magnifying  power  of  more 
than  fix  thoufand  times  in  diameter  on  a  diftant  ob- 
ject f*  The  objeft  is  refledfced  by  a  mirror  as  in 
$he  Gregorian  relefcope,  and  the  rays  are  intercepted 
by  a  lens  at  a  proper  diftance,  to  that  the  obferver 
.has  his  back  to  the  objelt,  and  looks  through  the 
lens  at  tfie  mirror.    The  magnifying  power  will 

f  Fergnfon's  Le&ures,  p.  235. 
t  See  fhiLTwif;  $784* 
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in  this  cafe  be  the  fame  as  in  the  Newtonian  tele- 
scope, but  there  not  bring  a  fecond  refle&or,  the 
brightnefs  of  the  objeft  viewed  in  the  Herfchelian  if 
greater  than  that  in  the  Newtonian  tclefcope. 

There  are  feveral  amufing  optical  deception*, 
which  are  effedcd  by  a  proper  combination  of 
plane  or  convex  glafles.  My  limits  will  not  admit 
of  my  noticing  more  than  two  of  the  amufing  kind, 
namely,  the  magic  lanthorn  and  the  camera  ob- 
fcura.  The  former  is  a  microfcope  upon  the  fame 
principles  as  the  folar  microfcope,  and  may  be 
■ufed  with  good  effeft  for  magnifying  (mall  tranf- 
parent  objects*  but  in  general  it  is  applied  to  the 
purpofe  of  amufement,  by  cafting  the  fpecies  or 
image  of  a  final!  tranfparent  painting  on  glafs  upon 
a  white  wall  or  fcreen,  at  a  focal  diftance  from  the 
inftrument. 

Let  a  candle  or  lamp  C  (Fig.  47.)  be  placed  in  the 
infide  of  a  box,  fo  that  the  light  may  pafs  through  the 
plano-convex  lens  N  N,  and  ftrongly  illuminate  the 
object  OB,  which  is  a  tranfparent  painting  on  glafs, 
inverted  and  moveable  before  NN,  by  means  of 
a  Aiding  piece  in  which  the  glafs  is  fct  or  fixed. 
This  illumination  is  ftill  more  increafed  by  the  re- 
flection of  light  from  a  concave  mirror  S  S,  placed 
at  the  other  end  of  the  box,  that  caufes  the  light  to 
fall  upon  the  lens  N  N,  as  reprefented  in  the  figure.  ' 
Laftly  a  lens  LL,  fixed  in  a  Aiding  tube,  is  brought 
to  the  requifite  diftance  from  the  objeft  O  B,  and  a 
large  ereft  image  IM  is  formed  upon  the  oppofite 
walj. 

The 
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The  camera  obfcura  has  the  fame  relation  to  the 
telefcope,  as  the  folar  microfcopc  has  to  the  com- 
mon double  microfcope,  and  is  thus  conftru&ed : 

Let  CD  (Fig.  48.)  reprefcnt  a  darkened  chamber 
pefforated  at  L,  where  a  convex  lens  is  fixed,  the  cur- 
vity  of  which  is  fuch,  that  the  focus  of  parallel  rays 

w 

falls  upon  the  oppofite  wall.  Then  if  A  B  be  an  ob- 
jeft  at  fuch  a  diftance,  that  the  rays  which  pro- 
ceed from  any  given  point  of  its  furface  to  the 
lens  L  mzf  be  efteemed  parallel,  an  inverted  pic- 
ture will  be  formed  on  the  oppofite  wall  j  for  the 
pencil  which  proceeds  from  A  will  converge  to  «» 
and  the  pencil  which  proceeds  from  B  will  con- 
verge to  b}  and  the  intermediate  points  of  the  ob- 
ject will  be  depifted  between  a  and  b  *• 

•  Nicholfon's  Natural  Philof.  vol.  i.  p.  347. 
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Chap.    VIIL. 

OF    THE,    DIFFERENT     REFRANGIBILTTY 
OF   THE    RAYS    OF    LIGHT,   AND*  OF   CO: 
*    LOURS  •. 

Errors  and  Ineonvenieneies  in  optical  Inftruments  from  the  Refrae- 
Hon  of  Light.— Newton,  while  attempting  to  remedy  the/i,  difco- 
*vers  a  new  Property  in  Light.— Phenomena  and  Caufe  of  Colours* 
'—Achromatic  Telefcope.—The  Eye  an  achromatic  optical  Inftru- 
ment.— Experiments  on  Colours. —Caufe  of  the  permanent  Colour 
efopake  Bodies. 


IN  the  preceding  chapters  we  have  feen,  thjtt  in 
finding  the  foci,  fome  errors  naturally  arife  by 
refra&iod  from  every  furface  whatever,  and  by  re* 
flexion  from  all  fpherical  furfaces.  When  parallel 
rays  are  rcfra&ed  by  a  lens  (as  in  Plate  XlL 
Fig.  49.)  the  farther  the  ray  is  from  its  center,  the 
greater  will  be  its  deviation  from  the  point  F 
which  we  called  the  focus.  This  deviation  MF 
is  called  the  longitudinal  aberration,  and  FN  its 
latitudinal  aberration;  and  as  we  fee  on  a  piece  of 
paper  a  fmall  circle  formed  by  the  rays  of  the  fun 

•  .This  fubjeft  has  been  partly  anticipated  in  the  ift  s\n4  2d 
chapters  of  this  book,  in  which  it  was  neceffary  to  give  a  fuper* 
ficial  account  of  the  difcoveries  concerning  light,  and  of  its  ge- 
neral properties.  The  reader  will,  however,  hare  no  caufe  to 
regret  a  little  repetition,  as  the  fubject  is  not  very  clear  to  a 
learner,  and  cannot  be  too  forcibly  unprefled  On  the  mind.      , 

intercepted 
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intercepted  by  a  convex  lens,  its  magnitude  de- 
pends on  its  radius,  or  the  latitudinal  aberration 
F  N.  This  aberration  depends  on  the  aperture  of 
the  glafs  A  B,  and  it  does  not  increafe  in  the  fznr- 
pJc  proportion*  but  the  triplicate  of  the  femi-aper- 
ture  #.     Thus,  if  P  V  and  p  V  reprefent  the  fame 

glafs 

•  LetKtf,  hb9  (Plate  XI I.  Fig.  59*)  be  two  parallel  rays 
very  near  to  each  other,  incident  on  the  concave  refracting  fur- 
face  A  C  B  at  a,  b,  it  is  required  to  find  m,  the  interferon  of 
tfee  rays  after  refraction.  Draw  E  I,  E  H  the  fines  of  inci- 
dence and  refraction ;  and  from  the  point  H  draw  H  G  per- 
pendicular to  the  radius  E  b,  and  from  G  draw  G  m  parallel  to 
the  incident  rays,  and  cutting  the  refracted  ray  bf  in  m,  m  is  the 
point  required. 

■'  For    A*E=amt  +  acmz=ams+c Eb+cbZ V.  A«E*— 
t  bE  ~  am  t+ e  Ebzzzlncremcnt  of  the  angle  of  refraction,  and 
cE£=  increment  of  thci  angle  of  incidence  .*.  increment  of  the 
angle  of  incidence  :  increment  of  refraction  : :  a  E  b  :  a  E  b  + 
mmb* 

.•.  a Eb  :  amb  : :  increment  of  incidence  :  increment  of  re* 
fraction  —  increment  of  incidence. 

Bat  when  (be  fines  of  apgles  are  to  each  other  in  a  given  ra- 
tio, the  increments  of  the  angles  vary  as  their  tangents. 

a  E  b  ;  a  m  b  : :  tangent  of  incidence  :  tangent  of  refraction— 
tangent  of  incidence. 

But  H  Ct  is  the  tangent  of  refraction,  H £  G  and  O  G  is  the 
tangent  of  incidence  O  b  G, 

.-.  aEb:  amb::OG  :HO. 

Whh  *  as  center,  and  m  b  radios*  defcribe  the  arc  b  d>  then      . 

-d  1  l  »    *b     bd  i 

aEb  iamb  ::  -—  •  — . 

Eb     bm  I 

1    Now**:*^::E*':  bH.  ; 

Hence bVL  :  bH  ; :  O G  :  HO,  and  G*  joining  the  point! 
Q  and  m  is  parallel  to  the  incident  rays,,  and  confeqnentfy  by 

drawing      ' 
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glaft  with  different  apertures  P  Hy  p  E,  the  latitudi- 
nal aberration  N  E  in  the  firft  cafe  will  be  to  that 
of  n  F  in  rhe  fecond  as  the  cube  of  P  H  to  the 

cube  of  ^E. 

Philofbphersfc 

drawing  from  G  a  parallel  to  the  incident  rays,  the  point  of  in* 
terfe&ion  of  the'  refta&ed  rays  is  determined. 

Hence,  face  6H=£Excof.  of  E4H,  the  radius  being 
tnity,  the  diilanoe  of  the  interfection  from  the  point  of  inci- 
dence is  found,  by  making  as  the  difference' of  the  tangents  of 
incidence  and  refraction  to  the  tangent  of  incidence  fo  is  ra- 
dius of  the  furface  multiplied  into  the  cof.  of  refraction,  to  the 
diftance  of  the  point  of  interfeftion  from  the  point  of  incidence. 

The  diftance  *  of  the  inttrfection  mg  from  the  axis  CF,  va- 
ries as  the  cube  of  the  femi-aperture  of  the  fpherical  fnrr 

&ce« 

For»^r=DG=£GxSin.  GED=EGxS.EiI 
JEG=HExCos.  HEG=HExS.H4E/' 

HE=EJxS.  H*E. 

s.m  f=a  E  b  x  sTHTeI*  x  S.E  b  1. 
but  S.  H  b  E  varies,  as  S.E  ^1  and  E  b  is  a  conftant  quan> 
tity.  V  

.•  mg  varies  as  ST  E  b  l\*,  that  is  as  JiTi',  that  is  as 
Seiui-apertur:.^. 

If  the  line  mg  be  now  fuppofed  to  move  parallel  to  itfelf  on. 
the  axis  C  F,  and  to  be  made  proportional  in  every  place  to  the 
cube  of  the  feml-aperture,  a  curve  will  be  formed  to  which  the 
refracted  rays  will  be  tangents,  and  as  the  adjacent  rays  crofs 
each  other  in  the  points  m,  or  the  extremities  of  the  ordinate  ; 
the  fight  in  thtfe  points  will  be  ftronger  than  within  its  area ; 
and  the  curve  thus  formed  which  experiment  fhews  to  us,  ui 
various  inftances,  is  called  a  cauftick. 

All  the  rays  incident  on  the  furface  b  C  will  pafs  within  the 
(pace  mg,  and  confequently  if  the  rays  of  the  fun  are  refracted 
by  a  concave  furface,  and  received  by  an  opaque  body  perpen- 
dicular to  the  axis  at  the  diftance  C^a  circle  of  light  will  be 

formed. 
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Philofbphers,  confidering  the  errors  to  which  they 
were  thus  expofed  by  the  fpberical  form  of  their 
glafies,  employed  their  thoughts*  a  long  time  on 
various  modes  to  bring  the  rays  of  light  more  accu- 
rately to  a  focus.  The  greateft  of  philofophcrs, 
Newton  himfel£  was  endeavouring  to  make  a  re- 
flector of  a  parabolical  form,  which,  if  he  had  fiic- 
ceeded  in  his  attempt,  would  manifeftly  have  obvi- 
ated this  inconvenience,  when  his  thoughts  were 
turned  into  another  channel  by  a  difcovery,  which 
taught  him  that  the  errors  arifing  from  the  fpheri- 
cal  form  of  his  glades  were  trifling,  compared  with 
what  mud  arife  from  his  newly  difcovered  property 
of  the  rays  of  light.  Each  ray,  notwithftanding 
the  exceeding  minutenefs  of  its  breadth,  was  now 
found  to  be  compounded  of  (even  other  rays,  from 

formed,  whofe  dcnfity  is  greater  at  the  circumference  and  kail 
at  its  center.  But  though  all  the  refradted  rays  will  pafs  throsgh 
the  area  of  a  circle  at  the  diftance  Cgt  whofe  diameter  is  nfm 
they  will,  at  a  greater  diftance  from  the  furface,  pafs  through  a 
much  (mailer  circle  */,  which,  when  it  is  the  leaft,  is  called  the 
circle  pf  leaft  diffufion,  and  in  this  circle  the  denfity  of  rays, 
and  confequently  the  heat,  is  the  greateft.  In  this  circle  the 
dcnfity  of  the  rays  will  be  the  greato/i  in  the  center,  and  it  de- 
creafes  between  the  center  and  the  circumference  to  a  place 
where  it  is  a  minimum,  and  confequently  increafes  again  to  the 
circumference.  The  investigation  of  this  property  would  carry* 
us  too  far  into  the  abftrufe  mathematics;  but  what  has  been  fail 
fufficiently  (hews  the  nature  of  the  diffufion  of  the  rays  of  ligh£ 
from  the  figure  of  the  furface,  which  is  now  known  to  occajoft 
a  much  greater  error,  in  proportion  to  that  arifing  from  refraay 
gibility,  than  was  fuppofed  by  our  firft  philofophcr. 

jyhofe 
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whofevarious  combinations  all  the beautiful  colour* 
\n  nature  originate.  -, 

The  experiment  on  which  this  difcovery  is  founds 
ed  is  thus  defcribed  by  Newton  himfclk 

*  In  a  very  dark  chamber,  at  a  round  hole  F  (Plate 
jXIIL  Fig.  50.)  about  one-third  of  an  inch  broad, 
made  in  the  (hut  of  a  window,  I  placed  a  glafs  prifm 
ABC,  whereby  the  beam  of  the  fun's  light,  SF, 
which  came  in  at  that  hole,  might  be  refradted  up- 
wards, toward  the  oppofite  wall  of  the  chamber, 
and  there  form  a  coloured  image  of  the  fun,  re* 
prefented  at  P  T.  The  axis'  of  the  prifm  (that  is, 
the  line  pafling  through  the  middle  of  the  prifm, 
from  one  end  of  it  to  the  other  end,  parallel  to  the 
edge  of  the  refracting  angle)  was.  in  this  wi  the  fol- 
lowing experiments  perpendicular  to  the  incident 
rays.  About  this  axis  I  turned  the  prifm  flowly* 
and  faw  the  refrafted  light  on  the  wall,  or  coloured 
image  of  the  fun,  firft  to  defcend,  and  then  to 
afcend.  Between  the  defcent  and  alcent,  when  the 
image  feemed  ftationary,  I  flopped  the  prifin  and 
fixed  it  in  that  pofture. 

c«  Then  I  let  the  refra&ed  light  fall  perpendicu- 
larly upon  a  flieet  of  white  paper,  MN,  placed  at 
the  oppofite  wall  of  the  chamber,  and  obferved  the 
figure  and  dimenfions  of  the  iblar  image,  PT, 
formed  on  the  paper  by  that  light.  This  image  was 
oblong,  and  not  oval,  but  terminated  by  two  refti- 
linear  and  parallel  fides  and  two  fcmicircular  ends, 
On  its  fides  it  was  bounded  pretty  diftindly ;  bjat 
on  its  ends  very  confufedly  and  indiftinftly,  the  light 
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,  there  decaying  and  vamfhing  by  degrees.  Ac  the 
diftance  of  1 8  k  feet  from  the  prifm,  the  bteadth  of 
the  image  was  about  2|  inched  but  its  fcrtgth  was 
about  ioi  inches,  and  the  length  of  its  reftifineaf 
fides  about  eight  inches;  and  A  C  B,  the  refract- 
ing angle  of  the  prifm,  whereby  fo  great  a  length 
•was  made,  was  64  degrees.  With  a  lefs  angle 
the  length  of  the  image  was  lefs,  the  breadth  re* 
training  *  the  fame.  It  is  farther  to  be  obferved; 
that  the  rays  went  on  in  ftrait  lines  from  the  prifm 
to  the  image,  and  therefore  at  their  going  out  of 
the  prifm,  had  all  that  inclination  to  one  another 
from ;  which  the  length  of  Jhe  image  proceeded. 
This  image  P  T  was  coloured,.*  and  tli£  more  emi  - 
neht  colours  lay  in  this  order  from  the  bottom  at 
fV  to  thettfp  at  Pj  red,  orange,  yellow,  greeo,  blue^ 
indigo,  violet,  together  with-  all  their  intermedin 
late  degrees,  in  a  continual  fucceflion,  perpetually 
varying.'  *-.".',. 
*  Our  philofophef  continued -Jus  experiments,  and 
by  rpaking  the  rays  thus  decompounded  pafs 
through  a  fecond  prifm,  he  found  rhat  they  did 
not  admit  of  farther  decompoficion,  and  that  objects 
placed  in  the  rays  producing  one  colour  always 

•  •  • 

appeared  to  be  of  that  £ok>ur.  He  then  examined 
-the  ratio  between  the  fines  of  incidence  ahd  refrac- 
tion of  thefe  decorrtpounded  rays,  and  found  that 
•each  of  the  feven  primary  colour-making  rays,  as 
they  may  be  called,  had  certain  limits  within  which 
they  were  confined.  Thus,  let  thq  fine  of  Ihcidence 
in  glafi  be  divided  into  fifty  equal  parts,  the  fine  of 

refra&ion 
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tefra&ion  injo  air  of  the  leaft  and  moft  refrangible 
rays  will  contain  refpedHvcly  77  and  761  fiich' parts. 
The  fines  of  refra&ion  of  all  the  degrees  of  red 
will  have  the  intermediate  degrees  of  magnitude, 
from  77  to77-£>  orange  from  77-i- to.774,  yellow 
frort  774.  to  77-J-,  green  from  77I  to  77!,  Mue 
from  77 i  10  77I,  indigo  from  774.  to  77^  and 
violet  from  77£:  ft> 7 8*      -  •  N 

According  to  the  properties  of  bodies'  in  refleiffc-  . 
ing  or  abforbing  jchefe  rays,  the  colours  which  we 
fee  in  them  are  .-formed.  If  every  ray  faffing*  upon 
an  obje£  was  rsfle&ed  to  our  eyes,  it'  would  appear 
white;  if  evety  say  wis  abforbed  it  would  appear 
black;  between  thefe  two  appearances  innumera- 
ble fpecies  of  colours  may  be  formed  by  refle&ioa 
or  tranfmiffibn  of  the  various  combinations  of  the 
colour  making  rays*.     If  the  rays  alfo  or  light 

were 


*  The  original  or  component  rays  of  light  are  feparable 
from  each  other,  not  only  by  rcfra&ion,  or  by  varying  the 
angle  of  incidence  on  a  reflecting  farface,  but  are  likewife  at 
like  incidences  more  or  lefs  refle&ible,  according  to  the  thfck- 
nefs  or  diftance  between  the  two  furfaces  of  the  medium  on 
which  they  fall.  They  are  alfo  liable  to  be  turned  out  of  their 
dirked  courfe  by  approaching  within  a  certain  diftance  from  a 
body,  by  which  means  a  reparation  enfues,  the  rays  being' more 
or  lefs  deflected  as  they  differ  in  colour.  Of  thefe  circumilances 
it  will  be  proper  to  give  fome  account. 

If  a  eonvex  glafs  or  lens,  or  a  portion  of  a  fphere,  is  laid 
upon  another  plane  glafs,  it  is  evident  that  it  will  reft  or  touch 
at  one  particular  ^point  only  j  and,  therefore,  that  at  all  other 
places  between  the  adjacent  furfaces  will  be  interpofcd  a  thia 
plate  of  air,  the  thicknef*  of  which  will  increafe  in  a  certain 

R  2  ratio, 
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were  not*  thus  compounded,  every  objeft  would 
appear  oE  the  faroe  colour,  and  an  irkfome  unifor- 
mity would  prevail  over  the  face  of  nature. 

We  have  feen  that  when  rays  of  light  were  rt- 
fra&cd  by  any  furface,  the  focus  after  refraftion  de- 
pended on  the  ratio  between  the  fines  of  incidence 
and  refra&ion,  and  that  this  focus  wis  not  a  mathe- 
matical point*  The  reader  will  naturally  infer* 
that  the  aberration  muft  be  confiderabiy  increafed, 
when  for  each  order  of  colour- making  rays  a  dif- 
ferent ratio  between  thefe  fines  muft  be  afiumed* 
Common  obfervers,  without  underftanding  the 
caufe,  may  be  made  fenfibte  of  this  by  noticing 

<  ratio,  according  to  the  dlflance  from  the  point  of  contact.  Light 
incident  upon  fuch  a  plate  of  air  is  difpofed  to  he  tranfinittfd 
or  reflected  according  to  its  thicknefs ;  thus,  at  the  center  of 
contact,  the  light  is  tranfmitted,  and  a  black  circular  fpot  ap- 
pears ;  this  fpot  is  environed  by  a  circle,  the  colours  of  which, 
reckoning  from  the  internal  paftj  are  blue,  white*  yellow,, red; 
then  fellows  another  circular  feries,  viz.  violet,  blue,  green, 
yellow,  red ;  then  purple,  blue,  green,  yellow,  red ;  green,  red ; 
-greenifh  blue,  red  ;  greenifh  blue,  pale  red;  greenifh  blue*  red- 
difh  white. 

Thefe  are  the  colours  which  appear  by  reflection.  By  the 
tranfmitted  light  the  following  feries  are  feen.  At  the  center* 
white,  then  yellowifh  red,  black,  violet,  blue,  white,  yellow, 
red,  &c. ;  fo  that  the  tranfmitted  light  at  any  thicknefs,  inftead 
of  white,  appears  of  the  compounded  colour  which  it  ought  to 
have  after  the  fubtra&ion  of  fome  of  .the  confiituent  colours  by 
rcfle&ion ;  after  which  feries,  the  colours  become  too  faint  and 
diluted  to  be  difcerned*  It  is  curious  to  obferve,  that  the  glafles 
will  not  come  into  contact  without  a  confiderablc  degree  of  pfef- 
fure.    NiMfcn's  Pbilofiffy,  vol.  i.  p.  282. 

the 
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the  colours  of  objects  feen  through  a  tckfcope;  aiyi 
from  the  difficulty  of  the  fubjcft  it  might  feem  im- 
poffible  that  any  remedy  fliould  be  applied  to  the 
inconvenience.  Yet  who  (hall  let  bounds  to  the 
iagacity  of  man  ?  Mathematicians  could  point  out 
certain  combinations  of  forms  and  refrangible 
powers  by  which  the  rays  might  come  colourlefs,  as 
the  white  making  rays  are  commonly  called,  to  the 
eye;  and  a  celebrated  optician  of  our  own  times,  Mr. 
Dollond,  has  had  the  merit  of  realizing,  in  great  mea- 
fure*  their  theories.  By  making  a  compound  lens  of 
three  different  fubftances  of  different  refrangible 
powers,  the  rays  of  light,  which  were  difperfed  too 
much  by  one  convex  lens,  are  brought  nearer  to  an 
union  with  each  other,  and  the  telefcopes  made  with 
an  objeft  glafs  of  this  kind  are  now  commonly  ufed, 
3ixl  well  known  by  the  name  of  achromatic  tele* 
ieopes;  the  word  achromatic  being  ufed  by  that  pe- 
dantry which  infe&s  raoft  of  our  philofophers,  who 
love  to  give  a  Greek  word,  unintelligible  to  the 
greater  part  of  their  readers,  inftead  of  the  equally 
fignificant  term  in  our  own  language,  polourlefs. 

'  ThVobjed-glafies  of  Mr.  Dollond's  telefcopes 
are  compofed  of  three  diftinft  lenfes,  two  convex 
and  one  concave;  of  which  the  concave  one  is 
placed  in  the  middle,  as  is  represented  in  Fig.  $i. 
where  a  and  c  fhow  the  two  conve*  lenfes,  and  b  b 
the  concave  one,  which  is  by  the  Britifii  artifta 
placed  in  the  middle.  The  two  convex  ones  are 
made  of  London  crown  glaft,  and  the  middle  one  of 
white  flint  glafs ;  and  they  are  all  ground  to  (phcres 
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of  different  radii,  according  to  the  refra&ive  powers 
of  the  different  kinds  of  glafs,  and  the  intended  focal 
diftance  of  the  objeft-glafs  of  the  telefcope.     Ac- 
cording to  Bofcovich,  the  focal  diftance  of  the  pa- 
rallel rays  for  the  concave  lens  is  one-half,  and  for 
the  convex  glafs  one-third  of  the  combined  focus. 
When  put  together,  they  refrtft  the  rays  in  the  fol- 
lowing manner.    Let  ab>  ab  (Fig.  52.)  be  twe 
red  rjiys  of  the  fun's  light  falling  parallel  on  the  firft 
convex  lens  c.    Suppofing  there  was  no  other  lens 
prefent  but  that  one,  they  would  then  be  converged 
into  the  lines  be,  b  ;,and  at  laft  meet  i/i  the  focus 
q%    Let  the  lines  g  b,  ghy  reprefcnt  two  violet  rays 
felling  on  the  furface  of  the  lens;    Thefe  are  alfo 
refraded,  and  will  meet  in  a  focus ;  but  as  they  have 
a  greater  degree  of  refrangibility  than  the  red  rays, 
they  rtiuft  of  confequence  converge  more  by  the  fame 
power  of  refra&ion  in  the  glafs,  and  meet  fooner  in 
a  focus,  fgppofe  at  r.— Let  now  the  concave  lens 
id  be  placed  in  fuch  a  manner  as  to  intercept  all 
the  rays  before  they  come  to  their  focus.     If  this 
lens  was  made  of  the  fame  materials,  and  ground  to 
the  fame  radius  with  the  convex-  one,  it  would  have 
the  fame  power  to  caufe  the  rays  to  diverge  that 
the  former  hadNtQ  make  them  converge.     In  this 
cafe,  the  red  rays  would  become  parallel,  md  move 
on  in  the  line  o'o,  00:  but  the  concave  lens,  being     ] 
made  of  flint  glafs,  and  upon  a  fhorter  radius,  has 
a  greater  refradive  power,  and  therefore  they  di- 
verge a  little  after  they  come  out  of  it  J  and  if  no 
third  Jens  was  intcrpofed,  they  would  proceed  di- 
- ;  K  verging     j 
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j 

_j 


17QL.I  .P.Z4& 


Piatt  13 


or- 


\ 


verging  in  the-fincs  opu  opt ;  but,  by  the  inrcr- 
pofiuon  of  the  third  lens  o&o,  they  ate  ?§fiin  ftiadc 
to  converge,  and  meet  in  a  focus  fome what  more 
diQ^it  than  the  former,  as  at  x.  By  the  concave 
lens  the  violent  rays  are  alfo  refracted,  and  made  to 
diverge :  but  having,  a  greater  degree  of  refrangibi- 
lity,  the  fame  power  of  refradion  makes  them  di- 
verge fornewhat>  more  thsyi  the  red  one&*~  and,  thus, 
if  no  third  lens  was  interpofed,  they  would  proceed 
in  fuch  lines  as  Im  »,  Imn.  Now  as  the  differently 
coloured  r^ys  fall  upon  the  third  lens  with  different 
degrees  of  divergence,  it  is  plain,  that  the  fame  power 
of  refra&ion  in  that  lens  will  operate  upon  them  in 
fuch  a  manner  as  to  bring  them  all  together  to  a 
focus  very  nearly  at  the  fame  point.  The  red  rays, 
it  is  true,  require  the  greateft  power  of  refraction  to 
bring  them  to  a  focus ;  but  they  fall  upon  the  lens 
with  the  leaft  degree  of  divergence.  The  violet 
rays,  though  they  require  the  leaft  power  of  refrac- 
tion, .yet  have  the  greateft  degree  of  divergence; 
and  thus  all  meet  together  at  the  point  #,  or  very 
nearly  fp  V 

The  more  we  inveftigate  the  works  of  nature, 
the  greater  reafon  have  we  to  admire  the  wifdpm  of 
its  author,  and  that  wonderful  adaptation  of  our 
Morgans,  in  the  rninuteft  particulars,  to  the  general 
laws  which  pervade  the  univerfe.  The  fubjefi;  be- 
fore us  affords  a  ftriking  inftancc  to  corroborate  this 
remark.  We  have  hitherto  fuppofed  the  eye  to  be 
.A  lens  capable  only  of  enlarging  and  contracting! 

•  Encyclop.  Btftf  "voK  xiii.  p.  J54, 
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and  confequently,  from  the  defeription  now  given 
of  the  rays  of  light,  it  muft  be  incapable  of  obviat- 
ing die  confbfiorr  which  muft  arife  from  their  diffe- 
rent degrees  of  refrangibiHty.     But  here  the  life  of 
that  wonderful  ftruAure  of  parts,  and  the  different 
fluids  in  the  eye,  is  clearly  fcen.    The  eye  is,   in 
fa6t,  a  complex  lens*   Each  fluid  has  its  proper  de- 
gree of  refrangible  power.   The  fhape  of  the  lenlcs 
is  altered  at  will,  according  to  the  diftance  bf  the 
objeft  s  and  the  three  fubftances  having  the  proper 
powers  of  refrangibilky,  die  effe&s  of  an  achroma- 
tick  glafs  arc  without  difficulty  performed  by-  the 
eye,  whofe  mechanical  ftru&tire  and  judicious  ar- 
rangement of  fubftances  it  id  in  rain  for  the  art  o£ 
man  to  imitate. 

From  what  has  been  ftated,  the  principal  pheno- 
mena of  colours  may,  without  much  difficulty,  be 
explained. 

If  all  the  different-coloured  rays  which  the  prifin 
affords  are  re-united  by  means  of  a  concave  mirror, 
the  produce  will  be  white ;  yet  thefe  fame  ritys, 
which,  taken  together,  form  white,  give,  after  die 
•point  of  their  re- union,  that  is,  beyond  the  point 
'Where  they  crofs  each  other,  the  fame  colours  as 
Miofe-  which  departed  from  the  prifin,  but  in  a  re- 
verted order,  by  the  croffing  of  the  rays*  the  reafon 
of  which  is  clear  j  for  the  ray  being  white  before  it 
was  divided  by  the  prifm,  muft  neeeflarily  become 
lb  by  the  re-union  of 'its  parts,  which  the  difference 
of  refrangibilky  had  feparated,  and  this  re-union 
cannot  in  any  manner  tend  to  alter  or  deftroy  the 

nature 
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nature  of  the  colours ;  it  follows  then  that  they  muft 
appear  again  beyond  the  point  of  eroding. . 

In  the  fame  manner,  if  we  mix  a  certain  propor- 
tion of  red  colour  with  orange,  yellow,  green,  blue, 
indigo,  and  violet,  a  colour  will  be  produced  which 
referablbs  that  which  is  made  by  mixing  a  litde 
black  with  white,  and  which  would  be  entirely  white 
If  fome  of  the  rays  were  not  loft  or  abforbed  by  the 
gro&hefs  of  the  colouring  matter. 

A  colour  nearly  approaching  to  white  is  alfo 
formed  by  colouring  a  piece  of  round  pafteboard 
with  the  different  prifmatic  colours,  and  caufing  it 
to  be  turned  round  fo  rapidly  that  no  particular 
colour  can  be  perceived. 

If  to  a  fingle  ray  of  the  fun  divided  by  the  prifm, 
which  will  then  form  an  oblong-coloured  fpedtrum, 
a  thick  glafs  deeply  coloured  with  one  of  the  primi- 
tive colours  is  applied,  for.  example  red,  the  light 
which  paffes  through  will  appear  red  only,  and  will 
form  a  round  image. 

If  two  thick  glafles,  the  one  red  and  the  other 
green,  are  placed  one  upon  another,  they"  will  pro- 
duce a  perfed  opacity,  though  each  of  them,  taken 
feparately,  is  tranfparenr,  becaufe  the  one  permits 
the  red  rays  only  to  pafs  through  it,  and  the  other 
only  green  ones,  therefore  when  thefe  twa.glafie* 
are  united,  neither  of  thofe  kind  of  rays  can  reach 
the  eye,  becaufe  the  firft  permits  only  red  rays  to 
pafs,  whereas  the  fecond  receives  only  green  ones, 
which  are  the  only  rays  it  can  tranfmic 
.  If  the  rays  of  the  fun  are  made  to  fall  very  ob- 
liquely 
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liquely  upon  the  interior  furface  of  a  prifm,  the  vio- 
let-coloured rays  will  be  refle&ed,  and  the  red,  &a 
will  be  tranfmitted ;  if  the  obliquity  of  incidence  is 
augmented,  the  blue  will  be  alfo  reflc&ed,  and  the 
other  tranfmitted  j  the  reafbn  of  which  is,  that  the 
rays  which  have  the  moft  refrangibility  are  alfo 
thole  which  arc  the  eafieft  refle&ed  *.  „ 

Ii)  whatever  manner  we  examine  the  colour  of  a 
fingle  prifmatic  ray,  we  fhall  always  find,  thataici- 
ther  refra&ion,  refledion,  nor.  any  other  means,  can 
make  it  forego  its  natural  hue ;  but  if  we  examine 
the  artificial  colouring  of  bodies  by  a  microicope, 
it  will  appear  a  rude  heap  of  colours,  unequally 
mixed.  If  we  mix  a  blue  and  yellow  to  make  a 
common  green,  it  Will  appear  moderately  beautiful 
to  the  naked  eye $  but  when  we  regard  it  with  mi- 
crofcepic  attention,  it  feems  a  confufed  mafs  of  yel- 
low and  blue  parts,  each  particle  reflecting  but  one 
feparace  colour.  i 

To  determine  the  caufe  of  the  permanent  colours 
of  opake  bodies,  a  feries  of  experiments  was  ins- 
tated by  Mr,  Delaval,  as  noticed  in  the  hiftorical 
part  of  this  book..  He  prepared  a  great  variety  of 
coloured  fluids,  which  he  put  in  phial  bottles  of  a 
fquare  form.  The  backs  of  thefe  phials  he  coated 
over  with  an  opake  fubftance,  leaving  the  front  of 
the  phial  uncovered,  and  the  whole  of  the  neck,  Onv 
expofing  them  to  the  incident  light,  he  found,  that 
irom  the  parts  of  the  phials  which  were  covered  at 
the  back  no  light  whatever  was  rcflcded,  but  it  was 

*  BriiTon,  Trait*  Elena,  dc  Phyfique,  torn.  ii.  page  361. 
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perfe&ly  black,while  the  light  tranfmittcd  through  the 
uncoated  parts  of  the  phials  was  of  different  colours. 
The  fame  fluids,  fprcad  thinly  on  a  white  ground, 
exhibited  their  proper  colours ;  the  light  indeed 
being  in  this  cafe  refle&ed  from  the  white  ground, 
and  transmitted  through  a  coloured  medium.  It  is 
almoft  unneceflary  to  add,  that  when  fpread  upon  a 
black  ground  they  afforded  no  colour. 

The  fame  experiments  were  repeated  with  glafs 
tinged  of  various  colours,  and  thfe  refult  was  per- 
fe&ly  the  fame.  When  thefe  glafles  are  of  fuch  a 
thinnefs,  and  are  tinged  fo  dilutely  that  light  is 
tranfmitted  through  them,  they  appear  vividly  co- 
loured i  >vhen  in  larger  mafies,  and  the  tinging  mat- 
ter more  denfely  diffufed  through  them,  they  are 
black;  when  the  tranfmitted  Kght,  in  the  tranfparent 
plates  of  thefe  glafles,  was  intercepted  by  covering 
the  further  furface,  they  appeared  black. 

From  thefe  different  phenomena  Mr.  Delaval 
clearly  deduces  thefe  remarks— i  ft,  m  That  the  co- 
louring particles  do  not  reflect  any  light.  adly,  That 
a  medium,  fuch  as  Sir  Ifaac  Newton  has  defcribed, 
is  diffufed  over  the  anterior  and  further  furfaces  of 
the  plates,  whereby  objeds  are  refleited  equally  and 
regularly  as  in  a  mirror. 

When  a  lighted  candle  is  placed  hear  one  of  thefe 
coloured  plates,  the  flame  is  reflected  by  the  me- 
dium diffufed  over  the  anterior  furface ;  the  image 
thus  reflefted  refembles  the  flame  in  iize  and  co- 
lour, for  it  is  fcarcely  fenfibly  diminifhed,  and  is  not 
at  all  tinged  with  colours ;  if  the  plate  is  not  very 

maffy, 
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maffy,  or  too  deeply  tinged,  there  appears  a  fecon- 
dary  image  of  the  flame,  refle&ed  from  the  further 
furface  of  the  glafs,  and  as  the  light,  thus  refle&ed* 
pafles  back  through  the  coloured  glafs,  it  is  vividly 
tinged. 

The  fecondary  image  is  left  than  that  which  is 
rcflefted  from  the  anterior  furface*  This  diminu- 
tion is  occafioned  by  the  lofs  of  that  part  of  the 
light  which  is  abforbed  in  palling  through  the  co- 
loured glafs. 

The  next  objedfc  of  this  ingenious  philofopher 
was  to  obtain  the  colouring  particles  pure  and  un- 
mixed with  other  rpedia.  To  this  end  he  reduced 
feveral  tranfparent  coloured  liquors  to  a  iblid  con- 
fidence by  evaporation,  and  in  this  ftatc  the  co- 
louring particles  reflected  no  light,  but  were  en- 
tirely black* 

To  determine  the  principle  on  which  opake  bo- 
dies appear  coloured,  it  is  therefore  only  necefikry, 
in  the  firft  place,  to  recoiled,  that  all  the  coloured 
liquors  appeared  fuch  only  by  tranfmitted  light; 
and  idly,  that  thefe  liquors,  fpread  thinly  upon  a 
white  ground,  exhibited  their  refpeftive  colours  ; 
he  therefore  concludes,  that  all  coloured  bodies, 
which  are  not  tranfparent,  confift  of  a  fub-flratum  of 
ipme  white  fubftance,  which  is  thinly  covered  with 
the  colouring  particles. 

On  extra&ing  carefully  the  colouring  matter  from 
the  leaves,  wood,  and  other  parts  of  vegetables,  he 
found  that  the  bafis  was  a  fubftance  pcrfe&ly  white. 
Jie  alfo  extra&ed  the  colouring  matter  from  diffe- 
rent 
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rent  animal  fabftances;  from  fleih,'  feather^  &c. 
whence  the  fame  conclufion  was  dire&ly  proved. 

Flefh  confifts  of  fibrous  veflels,  containing  blood, 
and  is  perfe&ly  white  when  divefted  of  the  blood 
by  ablution ;  and  the  florid  red  colour  of  the  ftefh 
proceeds  from  the  light  which  is  reflc&ed  from  the 
white  fibrous  fubftance,  through  the  red  tranfparent 
covering  formed  by  the  blood. 

The  refult  was  the  fame  from  an  examination  of 
the  mineral  kingdom. 

Some  portions  of  light  are  reflefted  from  every 
furface  of  a  body,  or  from  every  different  medium 
into  which  it  enters.  Thus,  tranfparent  bodies  re- 
duced to  powder  appear  white,  which  is  no  other 
than  a  copious  reflection  of  the  light  from  all  the 
furfaees  of  the  minute  piarts,  and  from  the  air  which 
is  interpofed  between  thefe  particles. 

The  general  appearance  of  a  ftrong  infufion  of 
cochineal  is  black ;  but  when  agitated,  its  furface  is 

covered  with  a  red  froth.     The  reafon  is,  that  the 

< 

Jight  is  reflected  from  the  globules  of  air  inclofed 
in  each  of  the  bubbles  which  conftitute  the  frothy 
and  is  tranfmitted  through  the  films  of  red  liquor 
which  cover  them.  Several  vitreous  fubftances  in 
like  manner  appear  black  in  a  lblid  mafs,  but  when 
powdered,  of  a  different  colour.  The  adtion  of 
thefe  powders  on  the  rays  of  light  is  the  effect  of 
the  difcontinuance  of  their  parrs,  $nd  the  air  being 
admitted  into  the  interfaces,  the  light  is  tranfmitted 
through  the  thin  tranfparent  particles  of  the  glafs> 
which  give  it  that  tinge  which  the  powder  exhibits* 
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If  oil,  infteftd.  of  air,  intercedes  the  interfaces  of 
powdered  fubftanccs,  in  proportion  as  it  approaches 
to  the  denfity  of  the  fubftances  themfelves,  and  as  it 
exceeds  air  in  this  refped,  it  renders  the  colour  pro- 
1  portionably  darken  c<  Thus  when  indigo,  and 
other  tranfparent*  paints,  are  united  with  oil,  the  air 
is  expelled  from  their  interfaces,  and  the  oil  which 
is  admitted  in  its  (lead,  from  the  nearnefs'of  its 
denficy  to  that  of  the  powder,  reflefts  no  fenfible 
light,  fo  that  the  mafs,  which  confifts  of  fuch  uni- 
formly denfc  media,  is  black."  "  When  fmooth 
furfaces  of  dark-coloured  marble  or  (late,  or  any 
other  polllhed  fubftance,  are  fcratched,  the  air  enters 
into  the  interfaces  which  are  opened  by  this  opera* 
tion,  and  according  to  the  excels  of  its  rarity  over 
that  of  the  ipaffes  which  it  intercedes, -  it  reflects  a 
whiter  or  lighter-coloured  hue.  By  polifhing  the 
furface  alfo,  the  air  is  removed  from  them,  and  the 
dark  hue  is  reftored." 

From  thefe  experiments  he  concludes,  <c  that 
vegetable,  animal,  and  mineral  coloured  matter  is 
tranlparent;  that  it  does  not  refledt  colours,  but 
only  exhibits  them  by  tranfmiffion  j  that .  ppake  co- 
loured bodies  confift  of  transparent  matter  covering 
opake  white  particles,  and  tranfmitting  die  light 
which  is  refle&ed  from  them." 

With  reiped  to  the  femi-  pellucid  fubftances,  fuch 
as  the  folution  of  lignum  nephriticum,  &c.  which 
appear  of  one  colour  by  incident  and  another  by 
tranfmitted  light,  he  fays,  "  they  confift  of  pellucid 
media/  through  which  white  or  colpurlefs  opake 
a  particles 
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particles  are  diffufed.  Thefe  white  particles,  he 
adds,  are  dUpofed  at  fuch  diftances  from  each  other, 
that  fome  of  the  incident  rays  of  light  are  capable  of 
puffing  through  the  intervals  which  intercede  them, 
and  thus  are  tranfmitted  through,  the  femi-pellucid 
mafs.  Some  forts  of  rays  penetrate  through  die 
mafles,  whilft  other  forts,  which  differ  from  them 
in  refrangibility,  are  refrafted  by  the  white  or  co- 
lourlefs  particles.  Thus,  when  pellucid  colourleft 
glafs  is  melted  with  arfenic,  the  arfenic  is  thereby 
divided  into  minute  opake  particles,  which  are 
equally  diffufed  through  the  glafs.  If  only  a  fmall 
quantity  of  arfenic  is  ufed  in  this  compound,  the 
white  particles  are  thinly  diffeminated  in  it*  When 
glafs  of  this  compofition  is  held  between  the  win- 
dow and  the  eye,  it  exhibits  a  yellow  or  orange 
tingev  when  viewed  by  incident  light  it  is 'blue. 
The  yellow  or  orange  ariles  from  the  lefs  refrangi- 
ble rays,  from  the  mixture  of  which  that  colour  re- 
fute. The  more  refrangible  are  reflected  back  by 
the  white  particles. 
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Chap.     IX. 

OF  THE  RAINBOW,  AND  OTHER  REMARK- 
ABLE PHENOMENA  OF   LIGHT. 

Oft  hi  primary  andjicondary  Rainbow.— Why  the  Phenomenon  af- 
funus  tbe  Farm  of  an  Arch.—- At  <wbat  Angles  tbt  different  Co- 
lours at*  apparent.— Lunar  Rainbonuf-^Marine  Bonu.— Coloured 
Bows  feen  on  tbe  Ground,— Halo  or  Corona.— Curious  Phenomena 
feen  on  tbe  Top  of  tbe  C or diler as. —Similar  Appearance  in  Sett- 
land.— Parhelia,  or  Mock  Suns.— Singular  Lunar  Phenomenon.— 
Blue  Colour  of  tbe  Atmo/phere.—Red  Colour  of  the  Morning  and 
Evening  Clouds.— Colour  of  the  Sea. 

SINCE  the  rays  of  light  arc  found  to  be  de- 
compounded by  rcfrafting  furfaces,  we  can  no 
longer  be  furprifed  at  the  changes  produced  in  any 
©bjedfc  by  the  intervention  of  another.  The  vivid 
colours,  which  gild  the  riling  or  the  letting  funf 
muft  neceflarily  differ  from  thofe,  which  adorn  its 
noon  day  fplendor.  There  muft  be  the  greaceft 
variety  which  the  livelieft  fancy  can  imagine.  Th* 
clouds  will  affumc  the  moft  fantaftic  forms,  or 
will  lower  with  the  darkeft  hues,  according  to  die 
different  rays  which  are  refledted  to  our  eyes,  or 
the  quantity  abferbed  by  the  vapours  in  the  air. 
The  ignorant  multitude  will  neceflarily  be  alarmed 
by  the  fights  in  the  heavens,  by  the  appearance  at 
one  time  of  three,  at  another  of  five  funs,  of  cir- 
cles 
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cles  of  various  magnitudes  round  the  furi  or  moon,- 
and  thence  conceive,  that  feme  fatal  change  muft, 
take  place  in  the  phyfical  or  the  moral  world,  fotne 
fall  of  empires  or  tremendous  earthquakes,  while- 
the  optician  contemplates  them  merely  as  the  natu-* 
ral  and  beautiful  effe&s  produced  by  clouds  or  va- 
pour in  various  maffes  upon  the  rays  of  light* 

One  of  the  moft  beautiful  and  common  of  thefe 
appearances  deferves .  particular  inveftigation,  as,* 
when  this  fubjeft  is  well  underftood,  there  will  be 
little  difficulty  in  accounting  for  others  of  a  ftmilar 
nature,  dependant  on  the  different  refrangibility  of 
the  rays  of  light.  Frequently*  when  our  bagks  arc 
turned  to  the  fun,  and  there  is  a  fhower  either 
around  us  pr  at  fome  diftance  before  us,  a  fpe- 
cies  of  bow  is  fc£n  in  the  air,  adorned  with  the  fe- 
ven  primary  colours.  The  appearance  of  this  bow, 
in  poetical  language  called  the  iris,  and  in  common 
language  the  rainbow,  was  an  inexplicable  myftery 
to  the  antientsj  and,  though  now  well  underftood^ 
continues  to  be  the  fubjeft  of  admiration  to  the  pea- 
fant  and  the  philofopher. 

We  are  indebted  to-  Sir  Ifaac  Newton  for  the  ex- 
planation  of  this  appearance,  and  by  various  eafy  ex- 
periments we  may  convince  any  man  that  ais  theory 
.  is  founded  on  truth.  If  a  glafs  globe  is  fufpended 
in  the  ftrong  light  of  die  fun,  it  will  be  found  to  re* 
fie£t  the  different  prifmatic  colours  exa&ly  in  pro- 
portion to  the  pofition  in  which  it  is  placed  j 
in  other  words,  agreeably  to  the  angle  which  ic  N 
forms  with  the  fpe&ator's  eye  and  the  incidence  of 
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the  rays  of  light.  The  fa&  is,  that  innumerable 
pencils  of  light  All  upon  the  furface  of  the  globe, 
and  each  of  thefe  is  feparated  as  by  a  prifm.  To 
make  this  matter  ftiU  clearer,  let  us  fuppofc  the 
circle  BOW  (Plate  XIV.  Fig-  53.)  to  reprefcnt 
the  globe,  or  a  drop  of  rain,  for  each  drop  may 
be  confidercd  as  a  foiall  globe  of  water.  The  red 
rays,  it  is  well  known,  are  leaft  refrangible  j.  they  will 
therefore  be  refralted,  agreeably  to  their  angle  of  in- 
cidence, to  a  certain  point  O  in  the  moft  diftant  part 
of  the  globe;  the  yellow,,  the  green,  the  blue,,  and 
the  purple  rays  will  each  be  rcfra&ed  to  another 
point.  A  part  of  the  light,  as  refra&ed,  will  be 
tranfmitted,  but  a  part  will  alio  be  refie&ed ;  the 
red  rays  at  the  point  O,  and  the  others  at  certain 
other  points,  agreeably  to  their  angle  of  refraction. 

It  is  very  evident,  that  if  the  fpeftator's  eye  is 
placed  ia  the  dire&ion  of  MW,  or  the  courfe 
of  the  red  making  rays,,  he  will  only  diftinguiflv 
the  red  colour,  if  in  another  ftation,  he  will 
fee  only  by  the  yellow  rays;  in  another,  by  the 
blue,  &c :  but  as  in  a  fhower  of  rain  there  are- 
drops  at  all  heights  and  all  diftances,  all  thofe  that 
are  in  a  certain  pofitiorv  with  refpeft  to  the  fpe£ta~ 
tpr  will  refled  the  red  rays,  all  thofe  in  the  next  fta- 
tion the  orange,  thofe  in  the  next  the  green, 
&c. 

To  avoid  confufion  let  us  for  the  prefent  ima- 
gine only  three  drops  of  rain,  and  three  degrees  of 
colours  in  the  fe&ioa  of  a  bow  (Fig.  54.)  It  is 
evident  that  the  angle  C  D  £  is  lefs  than  the  angle 
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B  D  E,  and  that  the  angle  AD  £  is  the  greateft  of 
the  three.  This  largeft  angle  then  is  formed  by  die 
red  rays>  the  middle  one  confifts  of  die  green,  a,nd 
the  fmalleft  is  the  purple.  All  the  drops  of  rain, 
therefore,  that  happen  to  be  in  a  certain  pofition  to 
the  eye  of  the  (pe&attfr,  will  reflect  die  red  rays,  and 
form  a  band  or  femicircle  of  red  *  thofe  again  in  a 
certain  pofition  will  prefait  a  band  of  green,  &c. 
If  he  alters  his  ftation*  the  fpeftator  will  (till  fee  a 
bow,  though  not  the  fame  bow  as  before  $  and  if 
there  are  many  fpe&ators  they  will  each  fee  a  dif- 
ferent bow,  though  it  appears  to  be  the  fame. 

There  are  fometiraes  feen  two  bows,  one  formed 
as  has  been  defcribed,  the  other  appearing  exter- 
nally to  embrace  the  primary  bow,  and  which  it 
fometimes  called  a  fecondary  or  falfe  bow,  becaufe 
it  is  fainter  than  the  other;  and  what  is  moft  re- 
markable is,  that  in  the  falfe  bow  the  order  of  did 
colours  appears  always  reverfed* 

In  the  true,  or  primary  bow,  we  have  feen  that 
die  rays  of  light  arrive  at  the  fpe&ator's  eye  after 
two  refraftions  and  one  refleftion ;  in  the  fecon- 
dary bow,  on  the  other  hand,  the  rays  are  fent 
to  our  eyes  after  two  refradtons  and  two  reflections, 
and  the  order  of  the  colours  is  reverfed,  becaufe  in 
this  latter  cafe  the  light  enters  at  the  inferior  part 
of  the  drop,  and  is  tranfmitted  through  the  fii- 
perior.  Thus  (Fig,  55.)  the  ray  of  light  which 
enters  at  B  is  refraftcd  to  O,  whence  it  is  reflected 
to  P,  and  again  reflected  to  W,  where,  fuffering  ana- 

S  2  ""         ther 
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ther  refradion s  it  is  fcnt  to  the  eye  of  thtf  fj^edator. 
The  colours  of  this  obiter  bow  arc  fainter  than  thofc 
of  the  other,  becauie,  the  drop  being  tranfparent, 
a  part  of  the  light  is  tranfmitted,  and  confequently 
loft,  at  each  refle&ion. 

The  phenomenon  aflbmes  a  femicircular  appear- 
ance, becaufe  it  is  only  at  certain  angles  that  the  re- 
fraded  rays  are  vifible  to  our  eyes*  The  lead  refran- 
gible, or  red  rays,  make  an  angle  of  forty- two  de- 
grees two  minutes,  and  the  mod  refrangible  or  vio- 
let rays  an  angle  of  forty  degrees  feventeen  minutes. 
Now  if  a  line  is  drawn  horizontally  from  the  (peda- 
tftr's  eye,  it  is  evident  that  angles  formed  with  this 
line,  gf  a  certain  dimenfion  in  every  direction,  will 
produce  a  circle,  as  will  be  evident  by.  only  attach- 
ing a'c0r<J  of  a  given  length  to  a  certain  point,  round 
whiclt  it  may  turn  as  round  it$  axis,  and  in  every 
point  will  defcribe  an  angle  with  the  horizontal  line 
of  a  certain  and  determinate  extent. 
.  Let  HO,  for  inftance  (Fig.  53.)  reprcfent  the  ho- 
rizoi),  B  W  a  drop  of  rain  at  any  altitude,  S  B  a  line 
drawn  from  the  fun  to  the  drop,  which  will  be  pa- 
rallel to  a  Hne  S.M  drawn  from  the  eye  of  the  fpec* 
tator  to  the  fun.  The  courfe  of  part  of  the  decom- 
pounded ray.  S  B  may  be  firft  by  refradion  from  B  to 
O,  then  by  refledion  from  O  to  W,  laftly  by  refradioo 
from.W  to  M.  Now  all  drops,  which  are  in  fuch 
a  fituation  that  the  incident  and  erqergent  rays  S  B, 
M  W  produced  through  them  make  the  fame  angle, 
S  N  M  will  be  the  means  of  exciting  in  the  ipeda- 

tors 
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tors  the  fame  idea  of  colour  *.  Let  M  W  fiirn  upon 
H  O  as  an  axis  till  W  meets  the  horizon,  on  both 
fides,  and  the  point  W  will  defcribe  the  arc  of  a 
circle,  and  all  the  drops  placed  in  its  circumference 
will  have  the  property  we  have  mentioned,  of  tranf- 
mitting  to  the  eye  a  particular  colour.  When  th$ 
plane  H  M  W  O  is  perpendicular  to  the  horizon, 

the 

« 

*  Half  the  angle  between  the  incident  and  emergent  rays  it 
equal  tQ  the  difference  between  m  times  the  angle  of  refrac- 
tion and  the  angle  of  incidence;  m  being  equalto  the  number 
of  reflections  added  to  unity.  B  C  L  ==  C  B'N + C  N  B,  and  alfo 
BCK=COB  +  CBO=2.CBO. 

.-.  CBN  +  CNB  =  a.  CBO. 

.\  CNB=  a-CBO— CBN. 

C  N  B  is  half  the  angle  between  the  incident  and  emergent 
rays,  and  2  =m,  there  being  in  this  cafe  only  one  reflection  ; 
and  by  purfuing  the  enquiry  in  the  fame  manner  when  the  num- 
ber of  reflections  is  increafeii,  it  will  appear  that  C  N  B  always 
equals  m.  C BO— CBN.     >         *  '     ' 

This  angle  C  N  B,  if  the  angle  of  incidence  increases  from  no- 
thing, firft  increafes  and  then  decreafes,  therefore  iwCBO— 
CBN  will  in  fome  place  be  a  maximum ;  that  is,  where  m  rimes 
the  fluxion  of  C  B  O,  is  equal  to  the  fluxion  tif  C  B  N. 

Let  C  B  Os  A  and  C  B  N=sB. 

.••  A  :  B  : :  1  :  m 

and  radios  being  equal  to  unity 

•A      a   "     $A         SB  SA  SB 

"   Asaj:srtsaniss£arx  •  zsrs         ; 

butung.A,ungB::^:Al: 
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die  Kne  M  W  is  dire&ed  to  the  vertex  <tf  the  bow, 
and  W  K  is  its  altitude. 

This 

Hence  the  problem  is  reduced  to  a  queftion  to  find  two 
angles  whole  fines  and  tangents  (hall  be  to  each  other  in  a 
given  ratio. 

Letxscof.  of  A. 
jr^=cof.  ofB. 

,..4/1— **  =j  fine  A, and =T  A. 

x 

y/T=?  =  fcne  B, ^*=£  s T  B 
I—**:  1— j*::R*:I* 

■  ■   1  —   — ^»    «     '  ■    —  •  •     1     •    ff»      • 

**  JT 

.-.  x*  :jr*  : :  **  R*  :  I* 

-_»^R*J* 
.••  ar  —  — p 

1  —  x%  =  - 

a  A       »  K  J    :  1  —  j*  2 :  kV  :  !• 

1»— ••  R*j*=R»— R  V 

I»— R»=»*  R*/- R»j* 

.•.  1  :jp ::  R  X  /»*— 1  :  t/1*— R* 

'Hence  the  cofine  of  one  angle  being  found,  its  fine  is  given, 
and  from  thence  the  fine  of 'the  other  angle,  fince  they  are  in  a 
given  ratio  to  each  other. 

Thus,  according  to  the  nature  of  the  bow,  whether  primary, 
fecondary,  *c.  the  greateft  angle  between  the  incMent  and 
emergent  rays  is  found ;  but  in  this  cafe  the  rays  entering  jnft 
above  or  below  the  point  where  the  incident  fay  makes  the 
greateft  angle"  between  the  incident  and  emergent  rays  muft, 
after  emerging  from  the  drop,  proceed  nearly  parallel  to  eaoh 
other,  and  confequently  a  number  of  rays  of  one  colour  will 

&II 


k 


Chap.  9.]     qjjumes  the  Firm  efa  Bow.  063 

This  altitude  depends  on  tiro  things,  the  angle 
between  the  incident  and  emergent  rays>  and  tht 
height  of  the  fun  above  the  horizon;  for  finoe 
S  M  is  parallel  to  S  N,  the  angle  S NM  is  equal 
to  N  M  I,  but  SMH,  the  altitude  of  the  fun,  ts 
equal  to  K  M  I,  therefore  the  altitude  of  the  bow 
W  MK,  which  is  equal  to  the  difference  betweea 
WMI  and  K  M  I,  is  equal  to  the  difference  between 
the  angles  jnAde  by  the  incident  and  emergent  rays 
and  the  altitude  of  the  fun. 

The  angle  between  the  incident  acid  emergent 
rays  is  different  for  the  different  colours,  as  was  al* 
ready  intimated  *  for  the  xcti  or  leaft  refrangible 
rays  it  is  equal  to  4a*  2'  *  for  the  violet,  or  moft  re* 
frangible,  it  is  equal  to  400  17%  confequently  when 
the  fun  is  more  than  4a0  a'  above  die  horizon,  the 
red  colour  cannot  be  feen ;  when  it  is  above  40°  17% 
the  violet  colour  cannot  be  feen. 

The  fecondary  bow,  as  I  have  laid,  is  made  in 
a  fimilar  manner,  but  the  fun's  rays  fufftr,  in  this 
cafe,  (wo  reflections  within  the  drdp.  The  my 
S  B  is  decompounded  at  B  and  one  part  is  refra&ed 
to  O,  thence  refle&ed  to  P,  and  from  P  refleft- 
ed  to  W,  where  it  is  refradted  to  M.  The  an- 
gle between  the  incident  and  emergent  rays  S  N  M 
is  equal  as  befofe  fo  NMI,  and  NMK,  the 
height  of  the  bow,  \%  equal  to  the  difference  be- 
fall upon  the  eye,  diverging  front  the  point  where  the  angle 
between  the  incident  and  emergent  rays  ia  the  greateft,  and 
produce  the  appearance  of  that  colour  &f  the  thtts  determined 
height  in  the  fetes* . 

S  4  tween 
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tween  th<4  aftglc  rtiade'by  the  incident  and  emergent 
rays  and  the  height  of  the  fun.  In  this  cafe  the 
angle  S  N  M,  for  the  red  rays,  is  equal  to  50*7', 
*nd  for  the  violet  rays  it  is  equal  to  540  7'  j  confe- 
v  <juently  the  upper  part  of  the  fecondary  bow  will 
be  feen  only  when  the.  fun  is  above  54*.  7'-  above 
the  horizon,  and  the  lower  part  of  the  bow  mil  be 
feen  only  when  the  fun-  is  500  7'  above  the  h'ori- 

In  the  fame  manner  bows  might  be -formed  with- 
out end  by  a  greater  number  of  reflc&ions  within 
the  drops.;  ,but  as  the  fecondary  is  fo  much  fainter 
thai*  the  primary,  that  all  the  colours  in  it  are 
feiribm  feer\,  for  the  fasifc  ^reafon  a  bow  made  with 
three  reflexions  woyld  be  fainter  ft  ill,  and  in  gptoo* 
tbSl  altogether  .imperceptible.  ..Since   the.  rays   of 
Jlght/.by  various  reflections  and  refra&ions,  are  thus 
capable  of  forming,  by  means  of  cfrops  of  rain,  the 
bbwswhiah  we.fo  frequently  fee  in  the  heavens,      j 
it  is  ey  identfthat  there  will  bfc  not  oply  fblar.  and  lunar      j 
bows,  but  that  many  ftrikirig  appearances  of  colours 
I  will  be  made  by  drop* upon  the  ground,  or  air  on  the 

agitated  fyrfoce  of  the  water.     Thus  a  lpnar  bow 
will  be  formed  by  rays  from  the  moon  affefted  by 
drops  of  rain,  but  as  its  light  i*  very  faint  in  compa-      • 
rifon,with  that  of  the  fun,  fuch  a  bow  will  very  fel- 

dotn  be  feen,,  and  the  colours  of  it,  when  feen,  will  be 

1 

faint  and  dim.     I  was  once  a  fpeftator  of  a  lunar 
,  bow,  in  the  courfe  "of  a  pedeftrian  expedition  by 

*  moonlight  in  the  autumnal  feafon.     The  night  was 
I  uncommonly  light,  though  fhowery,  and.  the  co- 

lours 
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lours  much  more  vivid  than  I  could  have  conceived ; 
indeed  I  have  feen  rainbows  by  day  not  more  con- 
fpicuous.  There  were  not,  however,  fe  many  cb*. 
lours  diftingui(hable  as  in  the  folar  bow, 
.  The  marine  or  fea  bow  is  a  phenomenon 
Sometimes  obferved  in  a  much  agitated  fea ;  when 
the  wind,  fweeping  part  of  the  tops  of  the  waves, 
carries  them  aloft;  fo  that-  the  fun's  fays,  felling 
upon  them,  are  refracted,  &c.  as  in  a  common 
fliowcr,  ahd  paiut  the  colours  of  the  bow. 

Aohault  mentions  coloured  fa<ws  on  the  grafs, 
firmed  by  the  refra&ion  of  the  fun's  rays  in  rh4 
morning  dew. 

.  Dr.  Langwith*  indeed,  once  faw  a  bow  lying  on 
"the  ground,  the  colours  of 'which  were  almoft  as 
lively  as  thofe  of  the  common  rainbow. .  It  was  Ex- 
tended feverail  hundred  yards.  It  was  not  round; 
Jatt  oblong,  being,  as  he  conceived,  the  portion  of 
?h  hyperbola.?  The  colours- took  up<lcfs  fpade,  and 
yrert  mudh  more  lively  in  thofe  parts  of  th'cbotf 
yv hie b.  were  near  him  than  -in  thofe  which  were  at  a 
diffance. 

.  The  drops  of  rain  defcend  in  a  globular  form, 
luad  thence  we;  can  eafily  acount  for  the  effe&s  pro- 
duced by  them,  on  the  rays  of  light;  but  in  different 
ftafts.of  the  air,  inftead  of  drops  of  rain  vapour  falls 
to  the.^arth  in  different  forms  of  fleet,  fnow,  and 
JiaiL  In  the  two  latter  ftates  there  cannot  be  a  re - 
Jraftion  of  the  rays  of  light,  but  in  the  former  ftatei 
when  a  drop  is  partly  in  a  congealed  and  partly  in 
a  fluid  form,  the  rays  of  light  will  be  differently  af- 

fedted, 
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fe&ed,  both  from  the  form  of  the  drop  and  its  ran* 
ous  rcfra&ing  powers.  Hence  we  may  expeffc  a 
variety  of  curious  appearances  in  die  heavens,  and 
to  thefe  drops,  in  different  ftates,  we  may  attribute 
the  formation  of  halos,  parhelia,  and  many  other 
phenomena,  detailed  in  thephilofophkad  tranfa&ions, 
or  in  the  hiftorics  of  every  country. 

The  halo  or  corona,  is  a  luminous  circle  fur- 
rounding  the  tin,  the  moon,  a  planet,  or  a  fixed 
ftar.  It  is  fometimes  quite  white,  and  fometimes 
coloured  like  the  rainbow*  Thofe  which  have 
been  obferved  round  the  moon  or  ftars  are  but  of  a 
very  fmall  diameter;  thofe  round  the  fun  are  of  dif+ 
ferent  magnitude*,  and  fometimes  immenfely  great. 
When  coloured,  the  colours  are  fainter  than  thofe  of 
the  rainbow,  and  appear  in  a  different  order,  ac- 
cording to  their  fize.  In  thofe  which  Sir  ISststc 
Newton  obferved  in  1 692,  the  order  of  the  colours* 
from  the  infide  next  the  fun,  was  in  the  innermoft, 
Mae,  white,  red*  in  the  middle,  purple,  blue,  green, 
yellow,  pale  red*  in  die  outermoft,  pale  blue  and* 
pale  red.  Hugens  obferved  one  red  next  the  fun* 
and  pale  blue  at  the  extremity.  Mr.  Wodler  has 
given  an  account  of  one  yellow  on  the  infide  and 
white  on  the  outfide.  In  France  one  was  obferved, 
in  which  the  order  of  the  colours  was,  white,  red, 
blue,  green,  and  a  bright  red  on  the  outfide  *• 

Artificial  coronas  may  be  made  in  cold  weather, 
by  placing  a  lighted  candle  in  the  midft  of  a  cloud 

•  Prieftley 's  Hi*,  of  Opt.  p.  597. 

Of 
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of  fteaiti*  or  if  a  gfefs  window  b  brdttfadd  upon, 
and  the  flame  of  a  candle  placed  at  feme  diftaace 
from  the  window,  while1  the  operator  is  alio  at.  die 
diftance  of  fome  feet  from  another  part  of  the 
window,  the  flame  will  be  furrounded  with  a  co- 
loured halo, 

I  was  once  witntfe  to  a  rcry  pkafing  phenome- 
non. The  foil  moon  waa  partly  obfcured  behind 
the  ikirt  of  a  very  thin  white  cloud,  vrhich,  as  it 
grew  thinner  towards  the  edge,  bad  the  foil  efieft  of 
a  prifm  in  feparadng  the  rays  of  light,  and  exhi- 
bited the  colours  of  the  rainbow  in  their  proper  gra- 
dations. 

When  M*  Booguer  waa  on  die  top  of  mount 
Pichinea,  in  the  Cordilkras,  he  and  fome  gentlemen 
who  accompanied  him,  obferved  a  moft  remarkable 
phenomenon.  When  the  fun  was  juft  rifing  be- 
hind them,  and  a  white  cloud  was  about  thirty 
paces  from  them,  each  of  them  obferved  his  own 
lhadow  (and  no  other)  prqje&ed  upon  it.  All  the 
parts  of  the  fhadow  were  diftinft,  and  the  head 
was  adorned  with  a  kind  of  glory,  confiding  of  three 
or  four  concentric  crowns,  of  a  very  lively  colour, 
each  exhibiting  all  the  varieties  of  the  primary  rain* 
bow,  and  having  the  circle  red  on  the  outfide. 

Similar  to  this  appearance  was  one  which  oc- 
curred to  Dr.  M'Fait,  in  Scotland.  This  gendc- 
man  obferved  a  rainbow  round  his  fhadow  in  a 
mift,  when  he  was  fituated  on  an  eminence  above 
it  In  this  fituation  the  whole  country  appeared  to 
be  immerfed  in  a  vaft  deluge,  and  nothing  but  the 
7  tops 
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tops  of' hills  appeared  here  and  there  above  the 
flood;  at  another  time  he  obferved  a  double  range 
of  colours  round  his  (hadow.  *. 

The  parhelia,  or  mock  funs,  are  the  mod  fplendid 
phenomena  of  this  kind.  We  findthefe  appear- 
ances frequently  adverted  to  by  the  ancients,  .who 
generally  confidercd  them  oa&i  formidable  omens. 
Four  mock  funs  were  feeiraMuraeiiby  Schemer  at 
Rome,  and  by  Mufchenbroetk  at  Utrecht;  and 
feven  were .  obferved   by  ^Hevehus  at  Sedan,   ia 

T  he  parhelia  generally  appear  about  •  the  fize  of 
the  true  fun,  not  quite  fo  bright,  though  they  are 
faid  fometimestb  rival  their  parent  luminary  in 
Iplendor.  When  there  are  a; number  of  them  they 
are  not  equal  to  each  other  in  -brightnefs.  Exter- 
nally they  are  tinged  with  Colours  like  the  rainbow. 
They  are  riot  always  round,  and.haVe  fometimes  a 
long  fi*ry  tail  oppofite  the  fun,  but  paler  towards 
the  extremity.  Di*.  Halley  obferved  one  tyith  tails 
extending  both  ways*  Mr,  Weidler  faw  a  par- 
helion with  one  tail  pointing  up  and  anptker^own.- 
wards,  a  little  crooked;  the  limb  which  was  fartheft 
from  the  fun  being  of  a  purple  colour,  the  other 
tinged  with  the. colours  of  the  rainbow  J?-t 

Coronas  generally  accompany  parhelia,  fome  co- 
loured and  others  white.  There  is  alfo  in  general 
a  very  large  white  circle,  parallel  to  the  horizon, 


•  Priefttey's  Opt.  p.  600. 

f  PriefUey's  Hill.  Opt.  p.  613.    .  J  lb,  p.  614. 

which 
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which  .paffes  through  all  the  parhelia ;  and,  if  it  was* 
eatife,  would  go  through  the  center  of  the  fun  j 
fometimes  there  are  arches  of  fmaljer  circles  con- 
centric  to  this,  and  touching  the  coloured  circles 
which  furround  the  fun;  they  are  alfa, tinged  with 
colours,  and  contain  other  parhelia. 

One  of  the  mod  remarkable  appearances  of  this, 
kind  was  that  which  was  obferved  at  Rorne  by, 
Scheiner,  as  intimated  above,  and  this  may  ferve  as  a 
fuflicient  inftance  .of  the  parhelion. 

This  *  celebrated  phenomenon  is  reprefented  in 
PI.  XV.  Fig.  56.  in  which  A  is  the  place  of  t!.e 
obferver,  B  his  zenith,  C  the  true  fun,  AB  a  plane 
paffing  through  the  obferver's  eye,  the  true  fun,  and 
the  zenith.  About  the  fun  C,  there  appeared  two 
concentric  rings,  not  compleat,  but  diverfified  with 
colours.  The  lefler  of  them,  DEF,  was  fuller, 
and  more  perfeftj  and  though  it  was  open  from 
D  to  F,  yet  thofe  ends  were  perpetually  endeavour- 
ing to  unite,  and  fometimes  they  did  fo.  The  outer 
of  thefe  rings  was  much  fainter,  fo  as  fcarcely  to  be 
difcernible.  It  had,  however,  a  variety  of  colours, 
but  was  very  inconftant.  The  third  circle,  KLMN, 
was  very  large,  and  all  over  white,  paffing  through 
the  middle  of  the  fun,  and  every  where  parallel  to 
the  horizon.  At  firft  this  circle  was  entire ;  but  to- 
wards the  end  of  the  phenomenon  it  wa£  weak  and 
ragged.,  fo  as  hardly  to  be  perceived  from  .M  to- 
.  wards  N.  ' 

,  In  the  interferon  of  this  circle,  and  the  outward 
iris  G  K  I>  there  broke  out  two  parhelia,  or  mock 

funs, 
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fens,  N  and  K,  not  quite  perfect,  K  being  rather 
weak,  but  N  fhone  brighter  and  ftronger.  The 
brightnefs  of  the  middle  of  them  was  (bmething  like 
that  of  the  fun,  but  towards  the  edges  they  were 
tinged  with  colours  like  thofe  of  the  rainbow*  and 
they  were  uneven  and  ragged.  The  parhelion  N 
was  a  little  wavering,  and  fent  out  a  fpiked  tail  N  P, 
of  a  colour  (bmewhat  fiery,  the  length  of  which  was 
continually  changing. 

The  parhelia  at  L  and  M,  in  die  horizontal  ring> 
were  not  fo  bright  as  the  former,  but  were  rounder, 
and  white,  like  the  circle  in  which  they  were  placed. 
The  parhelion  N  difappeared  before  K  *  and  while 
M  grew  fainter,  K  grew  brighter,  and  vanifhed  the 
laft  of  all.  * 

It  is  to  be  obferved  farther,  that  the  order  of  the 
colours  in  the  circles  D  E  F,  G  K  N  was  the  fame 
as  in  the  common  halo's,  namely  red  next  the  fun, 
and  the  diameter  of  the  inner  circle  was  alfo  about 
45  degrees;  which  is  the  ufual  fize  of  a  halo. 

Parhelia  have  been  fcen  for  one,  two,  three,  and 
four  hours  together;  and  in  North  America  they  are 
laid  to  continue  fome  days3  and  to  be  vifible  from  fun 
rife  to  fun  fet.  When  they  difappear,  itfomcrimes 
rains,  or  fnow  falls  in  the  form  of  oblong  fpicute  ♦ 

Mr.  Wales  fays,  that  at  Churchhill,  in  Hudfon's 
Bay,  the  rifing  of  the  fun  is  always  preceded  by 
two  long  ftrcams  of  red  light.  Thcfe  rife  as  the 
fun  rifesj  and  as  they  grow  longer  begin  to  bend 

•  Prieftley'*  Hift.  Opt.  p,  614  to  617. 
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towards  each  other,  till  they  meet  dire&ly  over  the 
fun,  forming  there  a  kind  of  parhelion  or  mock 
fun. 

Thefe  two  ftreams  of  light,  he  (ays,  feem  to  hare 
their  fource  in  two  other  parhelia,  which  rife  with 
the  true  fun ;  and  in  the  winter  feafon,  when  the 
fun  never  rifes  above  the  haze  or  fog,  which  he 
fays  is  conftantly  found  near  the  horizon,  all  thefe 
accompany  him  the  whole  day,  and  fet  with  him 
in  the  fame  manner  as  they  rife.  Once  or  twice 
he  (aw  a  fourth  parhelion  under  the  true  fun,  but 
this,  he  adds,  is  not  common.* 

The  caufe  of  thefe  is  apparently  the  reflection  of 
the  fun's  light  and  image  from  the  thick  and  frozen 
clouds  in  the  northern  atmoiphere,  accompanied 
alfo  with  fome  degree  of  refra&ion*  To  enter 
upon  a  mathematical  analyfis  of  thefe  phenomena 
would  be  only  tedious,  and  very  foreign  to  our  pur- 
pofe.  From  what  has  been  faid  upon  this  fubjeft 
it  is  evident,  that  all  the  phenomena  of  colours  de- 
pend upon  two  properties  of  light,  the  refrangibi- 
kcy  and  reflexibility  of  its  rays. 

The  blue  colour  of  the  atmoiphere  has  been  beau* 
ttfully  accounted  for  by  Mr.  Delaval,  in  the  expe- 
riments already  noticed.  The  atmofphere  he  con^ 
fiders  as  a  femi-pellucid  medium,  which  abounds  in 
volatile  and  evaporable  particles,  difengaged  from 
natural  bodies  by  fevcral  operations,  as  fermentation, 
effervefcence,  putrefaction,  &c.      Thefe  particles 


#  Prieffley's  Hift.  Opt.  p.  617. 
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differ  greatly  in  denfity,  &c.  from  the,  air,  and,  as 
they  reflect  a  white  light,  may  be  confidered  as  fo 
many  white,  particles  diffused  through  the  pellucid 
colourtefs  air.  In  this  refpeft-the  atmofphere  is 
fimilar  to.  the  femi-pellucid  medium,  which  is  form- 
ed by  a  mixture  of  arfenic  with  glafs.  In  both  thefe 
lubftances*  whilft  the  white  particles  are  rarely  difle- 
.minated  ;  through  the  tranfparent  medium,  the  left- 
refrangible  rays  are  tranfmitted  through  the  intervals 
which  intercede  the  particles  *,  but  the.  more  re- 
frangible rays  are  intercepted  and  reflected  by  the 
particles,  and  the  mixture  of  diofe  rays  produces  a: 
blue  colour.  • 

In  air,  as  well  as  in  the  folid  femi-pellucid  me- 
dia, when  the  white  particles  are  more  denfcly  ar> 
ranged,  the  intervals  which  intercede  them  arc 
diminifhed,  and  in  this  (late  of  the  atmofphere  a 
great  proportion  of  all  the  rays  are  refle&ed,  fo  as 
xto  produce  the  effedt  of  perfect  whitened  or  at  leaft 
an  approach  towards  it.  Thus,  when  the  part  of 
the  atmofphere,  which  is  near  the  furface  of  the 
earth,  is  occupied  by  grofs  vapours,  this  mixture  o£ 
air  with  aqueous  or  other  particles  is  white :  fuch  is 
the  common  appearance  of  fogs.  When  fuch  va- 
pours are  elevated  high  in  the  atmofphere,  and  form 

■ 

•  On  this  account,  diftant  mountains  covered  with  fnow 
(which  it  is  well  known  refkd:  all  the' rays  of  the  fun)  appear, 
when  the  air  is  thick,  and  the  fun  nearly  opposite  them,  of  a 
warmer  colour  than  they  otherwife  would,  and  more  approach- 
ing to  yellow  or  orange. 

4  clouds, 
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-clouds,  they  rcfleft  the  white  light  of  the  fun,  and 
appear  white,  whenever  its  incident  rays  fall  on 
them /entire  and  undivided;  and  as  the  reflecting 
panicles  are  not  equally  diffbfed  through  every 
part  of  the  pellucid  air,  of  which  the  atmofphere 
principally  confifts,  it  frequently  happens  that  large 
tra&s  of  air  are  only  furniihed  with  fueh  a  portion 
as  qualify  them  to  refle£t  a  blue  colour,  while  others 
are  fo  denfely  ftored  as  to  form  clouds. 

Of  the  red  and  vivid  colour  of  the  morning  and 
evening  clouds  Mr.  Melville  has  fuggefted  a  caufc 
upon  fimilar  principles,  which  we  muft  at  lead  allow 
is  ingenious  and  probable.  He  fuppofes,  as  well  as 
Mr.  Delaval,  that  a  feparation  of  the  rays  is  made 
in  palling  through  the  horizontal  atmofphere,  and 
that  the  clouds  refledt  and  tranfmit  the  fun's  light, 
as  any  half  tranfparent  colourlefe  body  would  do; 
for  as  the  atmofphere  reflects  a  greater  quantity  of 
blue  and  violet  rays'  than  of  the  reft,  the  fun's  light 
tranfmitted  through  it  inclines  towards  yellow,  orange, 
or  red,  efpecially  when  it  pafies  through  a  long  tradt 
of  air;  and  in  this  manner  the  fun's  horizontal 
light  is  tinftured  with  a  deep  orange,  and  even  red, 
and  the  colour  becomes  ft  ill  deeper  after  fun-fet; 
Jience  he  concludes,  that  the  clouds,  according 
to  their  different  altitudes,  may  aflume  all  the  variety 
of  colours  at  fun  riling  and  fetting,  by  barely  re- 
flecting the  fun's  incident  light  as  they  receive  it. 

The  green  colour  of  the  tea  may  alfo  be  ac- 
counted for  in  the  fame  manner.  Sir  Ifaac  New- 
ton, and  others,  have  fuppofed  that  this  effeft  was 
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produced  by  the  refle&ive  power  of  the  water;  but 
that  this  is  not  the  cafe  is  manifeft;  for  when  lea 
water  is  admitted  into  a  refervoir,  which  does  not 
exceed  a  few  inches  in  depth,  it  appears  pellucid  and 
eolourlefs. 

Dr.  Halley,  in  the  diving-bell  *y  obferved,  that 
when  he  was  funk  many  fathoms  deep  into  the  lea, 
the  upper  part  of  his  hand,  on  which  the  fun  fhone  di- 
reitly  through  the  water,  was  red,  and  the  lower  part 
a  blueifh  green.    On  thefe  phenomena  Mr.  Delaval 
©bferves,  that  the  fea  water  abounds  with  heterogene- 
ous particles,  many  of  which  approach  fb  near  in 
denfity  to  the  water  kfelf,  that  their  refle&hre  power 
muft  be  very  weak,  though,  as  they  are  not  quite  of 
the  fame  denfity,  they  ftill  muft  have  fome  degree 
of  reflcftive  power.    Although  thefe,    therefore,, 
may  be  invifible  when  feparately  viewed,  yet  when 
the  forces  of  a  great  number  of  fuch  minute  bodied 
are  united,  their  a&ion  on  the  rays  of  light  be- 
comes perceptible,   fome  rays  being  reflected  by 
them,  whilft  others  are  tranfmitted  through  their 
intervals,,  according  to  the  quantity  of  refledtive 
matter  which  the  rays  arrive  at  in  the  internal  part* 
of  the  water. 

The  opacity  of  the  fea,  caufed  by  the  numeroua 
Fefle&ions  from  its  internal  parts,  is  fo  confiderable, 
that  it  is  not  near  fo  tranfparent  as  other  water  ^ 
the  refle&ivc  particles,  therefore,  which  aredifperfed 
through  the  mais  of  fea  water,  have  conlequently  a 

#  Newton's  Opt.  1.  i.  Part  2&. 
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greater  refleftive  power  than  thofe  which  are  dif- 
perfed  through  the  atmofpherc.  Inftead,  therefore, 
of  refle&ing  a  delicate  blue,  fuch  as  that  of  the  flcy, 
the  fea  water,  by  afting  upon  a  greater  portion  of 
the  more  refrangible  rays,  exhibits  a  green  colour, 
which  we  know  to  be  a  middle  colour  produced  by  , 
the  mixture  of  blue  rays  with  fome  of  the  lefs  re- 
frangible, as  the  yellow  or  orange. 

With  refpeft  to  the  phenomena  remarked  by 
Dr.  Halley,  it  is  eafy  to  conceive  that  the  light, 
when  ftripped  of  all  the  more  refrangible  rays,  ftiould 
produce  a  rofe  colour,  fuch  as  that  he  obferved  on 
the  upper  part  of  his  hand ;  on  the  contrary,  that 
which  illuminated  the  lower  part  of  his  hand  con- 
lifted  partly  of  rays  refle&ed  from  the  ground,  and 
partly  of  thofe  which  were  refledted  from  the  in- 
ternal parts  of  the  fea  water,  which,  we  have  ieeri, 
are  chiefly  blue  and  violet;  and  the  mixture  of  thefe 
produced  the  greenifli  tinge  which  the  Doftor  re- 
marked *,  and  which  common  experience  Ihews  is 
the  predominant  colour  of  the  'ocean. 

•  Delaval  on  the  caufes  of  colours  in  opake  bodies,  v.  ii. 
Manch.  Mem. 
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Chap.    X. 

OP   THE   INFLECTION  OP   EIGHT 

Xetrojfre#  of  the  Dodrint  of  ReJUaion. — Nature  of  Injkawu 
Newton's  Experiments.— Analogy   between  this  Property 
Kefra£icn.~~Curi<wi  EJe&sfrom  this  Property* 


THE  direction  of  the  rays  of  ligjht  is  changed* 
as  we  have  feen,  in  their  approach  to  certain 
bodies,  by  reflection  and  refra&ion,  and  confequendy 
we  muft  admit  that  there  is  fome  power  in  thefe 
bodies  by  which  fuch  efiefts  are  univerfally  pro- 
duced. If  refle&ion  was  produced  fimply  by  the 
impinging  of  particles  of  light  on  hard  or  elaftic 
bodies,  or  if  they  were  in  themfelves  elaftic,  the 
fame  effefts  would  follow  as  in  the  impulfe  of  other 
elaftic  bodies;  but  the  angle  of  incidence  could 
not  be  equal  to  the  angle  of  refleftion,  unlefs  the 
particles  of  light  were  perfectly  elaftic,  or  the  bodies 
on  which "  they  impinged  were  perfectly  elaftic. 
Now  wc  know  that  the  bodies  on  which  thefe 
particles  impinge  are  not  perfeftly  elaftic,  and  alfo 
diat  if  the  particles  of  light  were  perfeftly  elaftic* 
the  diffufion  of  light  from  the  reflecting  bodies-would 
be  very  different  from  its  prefent  appearance;  for 
as  no  body  can  be  perfedtly  polilhed,  the  particles. 
of  light  which  are  £b  inconceivably  (mall  would  be 

reflected, 
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reflected  back  by  the  inequalities  on  the  furface  11* 
every,  dire&ion;  confequently  we  are  led  to  this 
conclufion,  that  the  reflecting  bodies  have  a  power 
which  ads  at  fame  little  diftance  from  their  fur- 
faces. 

If  this  reafoning  is  allowed  tobe  juft,  it  necefiarily 
follows,  that  if  a  ray  of  light,  inftead  of  impinging 
on  a  body,  fliould  pafs  fo  near  to  it  as  to  be  within 
the  fphere  of  that  power  which  the  body  poffefles,  it 
muft  neceflarily  fuffer  a  change  in  its  dire&ion. 
Adtual  experiments  confirm  the  truth  of  this  pofi- 
tion,  and  to  the  change  in  the  direction  of  a  particle 
of  light,  owing  to  its  nearnefs  to  a  body,  we  give  the 
name  of  inflexion,         a 

From  one  of  thefe  experiments,  made  by  Sir  Ifaac 
Newton,  the  whole  of  this  fubjeft  will  be  eafily 
underftood.    At  the  diftance  of  two  or  three  feet 
from  the  window  of  a  darkened  room,  in   which 
was  a  hole  three-fourths  of  an  inch  broad,  to  ad- 
mit the  light,  he  placed  a  black  fheet  of  pafteboard, 
having  in  the  middle  a  hole  about  a  quarter  of 
an  inch  fquare,  and  behind  the  hole  the  blade  of  a 
{harp  knife,  to  intercept  a  fmall  part  of  the  light 
which  would  qthtrwife  have  pafled  through  the 
hole.    The  planes  of  the  pafteboard  and  blade  were 
parallel  to  each  other,  and  when  the  pafteboard  was 
removed  at  fuch .  a  diftance  from  the  window,  as 
that  all  the  fight  coming  into  the  room  muft  pais 
through  the  hole  in  the  pafteboard,  he  received 
what  came  through  this  hole  on  a  piece  of  paper 
fwo  or  three  feet  beyond  the  knife,  and  perceived 
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two  itreams  of  feint  light  (hooting  out  both  ways 
from  the  beam  of  light  into  the  fhadow.     As  the 
bfightnefs  of  the  direft  rays  obfeured  the  fainter 
light,  by  making  a  hole  in  his  paper  he  let  them 
pafs  through,  and  had  thus  *an  opportunity  of  at- 
tending clofely  to  the  two  dreams,  which   were 
nearly  equal  in  length,  breadth,  and  quantity-  of 
light.     That  part  which  was  neareft  to  the  fun's 
diredt  light  was  pretty .  ftrong  for  the   fpace   of 
about  a  quarter  of  an  inch,  decreafing  gradually  till 
it  became  imperceptible,  and  at  the  edge  of  the 
knife  it  fubtended  an  angle  of  about  twelve  or  at 
moft  fourteen  degrees. 

Another  knife  was  then  placed  oppofite  to  the 
former,  and  he  obferved,  that  when  the  diftance  of 
their  edges  was  about  the  four  hundredth  part  of  an 
inch,  the  ftrcam  divided  in  the  middle,  and  left  a 
fhadow  between  the  two  parts,  which  was  fo  dark, 
that  all  light  palling  between  the  *  knives  feemed  to 
be  bent  afide  to  one  knife  or  the  other  $  as  the 
knives  were  brought  nearer  to  each  other,  this 
fhadow  grew  broader,  till  upon  the  contact  of  the 
knives  the  whole  light  difappeared. 

Purfuing  his  obfervations  upon  this  appearance, 
he  perceived  fringes,  as  they  may  be  termed,  of  dif- 
ferent coloured  light,  three  made  on  one  fide  by 
the  edge  of  one  knife,  and  three  on  the  other  fide 
by  the  edge  of  the  other,  and  thence  concluded, 
that  as  in  refraction  the  rays  of  light  are  differendy 
adted  upon,  fo  are  they  at  a  diftance  from  bodies  by 
inflexion ;  and  by  many  other  experiments  of  the 
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fame  kind  he  fupported  his  pofition,  which  is  con- 
firmed  by  all  fubfequent  experiments*  « 

We  may  naturally  conclude,  that  from  this  pro- 
perty of  inflexion  fome  curious  changes  will  be 
produced  in  the  appearances  of  external  obje&s* 
If  fcwc  take  a  piece  of  wire  of  a  lefs  diameter  than 
the  pupil  of  the  eye  and  place  it  between  the  eye 
and  a  diftant  objeft,  the  latter  will  appear  magni- 
fied (Fig,  57.)  Let  Abe  a  qhurch  fteeple,  B  the 
eye,  C  the  wire.  The  rays  by  which  the  fteeple 
would  have  been  otherwifc  feen  are  intercepted  by  the 
wire,  and  it  is  now  feen  by  infle&ed  rays,  which  make 
a  greater  angle  than  the  direft  rays,  and  confequently 
the  fteeple  will  be  magnified. 

In  nearly  fhutting  the  eyes,  and  looking  at  a 
candle,  there  appear  rays  of  light  extending  from  it 
in  various  direftionsl,  like  comets*  tails  3  for  the  light, 
in  pafling  through  the  eye-lafhes,  is  infle&ed,  and 
confequently  many  fcparate  beams  will  be  formed, 
diverging  from  the  luminous  objeft.  The  power 
of  bodies  to  infledk  the  rays  of  light  pafling  near 
to  them  will  produce  different  effe&s,  according  to 
the  nature  of  the  rays  afted  upon ;  confequently  a 
feparation  will  take  place  in  the  differently  re- 
frangible rays,  and  thofe  fringes,  which  were  taken ' 
notice  of  by  Sir  Ifaac  Newton,  will  appear  in  other 
objedts  which  are  feen  by  the  means  of  inflefted 
rays.  From  confidering  thus  the  aftion  of  bodies 
upon  light,  we  come  to  this  general  conclufion, 
far  which  we  are  indebted  to  our  great?  philofopher, 
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that  light,  as  well  as  all  other  matter,  is  afted  upon 
at  a  diftancej  and  that  reflection,  refraftion,  and 
inflexion,  are  owing  to  certain  general  laws  in  the 
parades  of  matter,  which  arc  equally  neceflary  for 
the  prefervation  of  the  beautiful  harmony  in  the 
objefts  neareft  to  us,  as  to  produce  by  their  joint 
afhon  that  great  law  by  which  the  greater  bodies 
in  their  fyftcm^  are  retained  in  their  refpettivo 
orbits.  t 
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HISTORY  OF  DISCOVERIES  RELATIVE  TO 

ELECTRICITY. 

Origin  of  the  Namt.—Hrw  far  Eleclricitf  vjos  known  to  the 
Ancients.— Mr.  Boyle.— Otto  Guericke.—Dr.  WalL  —  Mr. 
Ha<wk/bee.—Mr.  Grey's  Difcoveries.—M.  Dn  Fsqfs.SubJe- 
quent  Difcoveries  of  Mr.  Grey.— Improvements  of  German  Fhilo- 
Jbpbers.—Leyden  Phial. — Ekfirical  Battery*— Spirits  fired  fy 
EUQricity  conduced  through  the  Rivet •  Thames >— 7w»  Species  of 
Electricity  dif covered*— Dr.  Franklin  *s  great  Difcoveries. 

TH  E  attractive  power  which  amber,  and  other 
eleftric  bodies,  acquire  by  friftion,  was  long 
known  to  philofophers ;  and  it  is  unneceflary  to  re- 
mark, that  this  branch  of  fcience  derives  its  name 
from  iXtxIpov  (eleftron)  the  Greek  word  for  amber* 
The  other  eleftric  properties  were  flowly  discovered 
Mr,  Boyle  was  the  firft  who  had  a  glimpfe  of  the 
eleftric  Fight ;  as  he  remarked,  after  rubbing  fome 
diamonds  in  order  to  give  them  the  power  of  attrac- 
tion, that  they  afforded  light  in  the  dark. 
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Otto   Guericke,    burgomafter   of   Madgeburg, 
made  an  ele&ric  globe  of  fulphu;-,  and  by  whirling 
it  about  in  a  wooden  frame,  and  rubbing  it  at  the 
lame  time  with  his  hand,  he  performed  various 
de&rical  experiments.     He  added  to  the  ftock  cf 
knowledge  the  difcovery,  that  a  body  once  attracted 
by  an  excited  elcflf  ic  was  repelled  by  it,  and  not  at- 
tracted again  till  it  had  touched  fome  other  body. 
Thus  he  was  able  to  keep  a  feather  fufpended  in 
the  air  over  his  globe  of  fulphur ;  but  he  obferved, 
if  he  drove  it  near  a  linen  thread,  or  the  flame  of  a 
candle,  it  inftantly  recovered  its  propenfity  (if  I 
may  ufe  the  expreflion)  for  approaching  the  globe 
again.     The  hiding  noife,  and  the  gleam  of  light 
which  his  globe  afforded,  both  attracted  his  no- 
tice." 

Thefe  circumftances  were,  however,  afterwards 
accurately  remarked  by  Dr.  Wall,  who,  by  rubbing 
Amber  upon  a  woollen  fubllance  in  the  datk,  found 
alfo  that  light  was  produced  in  confiderable  quanti- 
ties, accompanied  with  a  crackling  noife ;  and  what 
is  ftillmore  extraordinary,  he  adds,  "  this  light  and 
crackling  feems,  in  fome  degree,  to  reprefent  thun- 
der and  lightning." 

Mr.  Hawkfbee  firft  obferved  the  great  eleftric 
power  of  glafs.  He  conftru&ed  a  wooden  ma- 
chin*,  which  enabled  him  conveniently  to  put  a  glafs 
globe  in*  motion.  He  confirmed  all  the  experi- 
ments of  Dr.  Wall.  He  obferved,  that  the  light 
emitted  by  the  friftion  of  eledtric  bodies,  befides 
the  crackling  noife,*  was  accompanied  by  an  acute 

fenfc 
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fenfe  of  feeling  when  applied  to  his  hand*  He 
lays,  that  all  the  powers  of  eledtricity  were  im- 
proved by  warmth,  and  diminifhed  by  moifturc. 

Hitherto  the  diftinftion  between  thpfe  bodies 
which  are  capable  of  being  excited  to  eledfcricity 
and  thofe  which  are  only  capable  of  receiving  it 
from  the  others,  appears  fcarcely  to  have  been  fuf- 
pe&ed.  About  the  year  1729,*  this  great  difcovery 
was  made  by  Mr.  Grey,  a  penfioner  of  the  Char- 
ter-Houfe.  After  fome  fruitlefs  attempts  to  make 
metals  attra&ive  by  heating,  rubbing,  and  ham- 
mering, he  conceived  a  fufpicion,  that  as  a  glafs 
tube,  when  rubbed  in  the  dark,  communicated  its* 
light  to  various  bodies,  it  might  poffibly  at  the 
fame  time  communicate  its  power  of  attradlion  to 
them.  In  order  to  put  this  to  the  trial,  he  pro- 
vided himfelf  with  a  tube  three  feet  five  inched 
long,  and  near  an  inch  and  one  fifth  in  dia- 
meter ;  the  ends  of  the  tube  were  Hopped  by 
cork ;  and  he  found  that  when  the  tube  was  ex- 
cited,  a  down  feather  was  attracted  as  powerfully 
by  the  cork  as  by  the  tube  itfelf.  To  convince 
himfelf  more  completely,  he  procured  a  fmall 
ivory  ball,  which  he  fixed  at  firft  to  a  (tick  of  fir 
four  inches  long,  which  was  thruft  into  the  cork, 
and  found  that  it  attracted  and  repelled  the  feather 
even  with  more  vigour  than  tf}gjcjork  itfel£  He 
afterwards  fixed  the  ball  upon  long  flicks,  and  upon 
pieces  of  brafs  and  iron  wire,  with  the  fame  fuccefs  ; 
and  laftly,.  attached  it  to  a  long  piece  of  packthread, 
and  hung  it  from  a  high  balcony,  in  which  ftate  he 
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found,  that  by  rubbing  the  tube  the  ball  was  con  - 
ftantly  enabled  to  attraft  light  bodies  in  the  court 
below. 

His  next  attempt  was  to  prove,  whether  this 
power  could  be  conveyed  horizontally  as  well  a$ 
perpendicularly  i  with  this  view  he  fixed  a  cord  to 
a  nail  which  was  in  one  of  the  beams  of  the  ceil- 
ing, and  making  a  loop  at  that  end  which  hung 
down,  he  inferted  his  packthread,  with  the  ball 
which  was  at  the  end  of  it,  through  the  loop  of  the 
cord,  and  retired  with  the  tube  to  the  other  end  of 
the  room ;  but  in  this  ftate  he  found  that  his  ball 
had  totally  loft  the  power  of  attra&ion.    Upon 
mentioning  his  difappointed  efforts  to  a  friend,  it 
was  fuggefted,  that  the  cord  which  he  had  ufed  to 
iupport  his  packthread  might  be  fo  eoarfe  as  to  in- 
tercept the  eieftric  powers,  and  they  accordingly 
attempted  to  remedy  this  evil  by  employing  a  filk 
firing,  which  was  much  ftronger  in  proportion  than  a 
hempen  cord.     With  this  apparatus  the  experiment 
fucceeded  far  beyond  their  expectations.     Encou- 
raged by  this  fucce/s,  and  attributing  it  wholly  to 
the  finenefs  of  the  filk,  they  proceeded  to  fupport 
the  packthread,  to  which  the  ball  was  attached,  by 
very  fine  brafs  and  iron  wire,  but,  to  their  utter 
aftonifhment,  found  the  effe£t  cjfa&ly  the  fame  as 
when  they  ufedba&c  hempen  cord;  the  elcftrical 
virtue  utterly  patted  away;    while  on  the    other 
hand,  when  the  packthread  was  fupported.by  a 
filken  cord/  they  were  able  to  conyey  the  ele&riq 
v  irtoc  ftven  hundred  and  fixty-five  feet, 
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It  was  evident,  therefore,  that  thefe  effeds  de- 
pended upon  forae  peculiar  quality  in  the  fiHc,  which 
^difabled  it  from  conducting  away  the    ele&rical 
power,  as  the  hempen  cord  and  the  wire  had  done* 
This,  probably,  immediately  led  to  the  difcovery  of 
other  non- conducing  bodies,  and  bair>  rofin>  glqfs, 
&c.  were  prefendy  made  ufe  of  to  infulate  the  bo- 
dies which  were  electrified.      The  next  obvious 
improvement  was  to  de&rify  feparate  bodies,  by 
placing  them  upon  non-condu£tors ;  and  in  this 
manner  Mr.  Grey  and  his  friend  Mr.  Wheeler  elec- 
trified a  large  map,  a  table  cloth,  &c.  &a     In  the 
latter  end  of  the  fame  fummer,  Mr.  Grey  found 
that  he  could  eleltrify  a  rod  as  well  as  a  packthread, 
without  inferting  any  part  into  his  excited  tube,  and 
that  it  only  required  to  be  placed  nearly  in  contact 
with  the  apparatus. 

Mr.  Grey  proceeded  to  try  the  effe&s  of  eleftri- 
city  upon  animal  bodies.     He  fufpended  a  boy  on 
hair  lines  in  a  horizontal  pofition,  and  bringing  the 
excited  tube  near  his  feet,  he  found  that  leaf  brafs 
was  attracted  very  vigoroufly  by  the  head  of  the 
boy.     He  found  alfo,  that  he  could  communicate 
cleftricity  to  fluid  bodies,  by  infulatiAg  them  upon 
a  cake  of  rofin;  and  obferved,  that  when  an  ex- 
cited tube  was  held  over  a  cup  of  water,  the  water 
was  prefendy  attracted,  in  a  conical  form,  .towards 
the  tube ;  that  the  elc&ric  matter  pafled  from  the 
tube  to  the  water  with  a  flight  flafh  and  a  crackling 
noife  ;  and  that  the  fluid  fubfided  with  a  trcraylous 
and  waving  motion.  • 

After 


286  Experiments  ofDu  Fay.        [Book  r\T. 

After  this  period  the  fpirit  of  philofophy  in  this 
branch  was  no  longer  confined  to  England.     M. 
Du  Fay,  intendant  of  the  French  king's  gardens,  ad- 
ded to  the  ftock  of  difcoveries.     He  found  that  all 
bodies,  except  metallic,  foft,  and  fluid  ones,  might 
be  made  ele&ric  by  firft  heating  them,  and  then 
rubbing  them  on  any  fort  of  cloth.     He  alfo  ex- 
cepts thofe  fubftances  which  grow  foft  by  hear,  as 
gums,  or  which  diflblve  in  water,  as  glue.     In  pur- 
suing Mr.  Grey's  experiments  with  a  packthread, 
&c.  he  perceived  that  they  fucceecjed  better  by  wet- 
ting the  line.     To  prove  the  effedts  of  this  won- 
derful agent  on  the  animal  body,  he  fufpended  him- 
felf  by  filk  cords,  as  Mr.  Gtey  had  fufpended  the 
boy,  and  in  this  fituation  he  obferved,  that  as  fbon 
as  he  was  ele&rified,  if  another  perfon  approached 
him,  and  .brought  his  hand,  or  a  metal  rod,  within 
an  inch  of  his  body,  there  immediately  ifTued  from  it 
one  or  more  prickling  {hoots,  attended  with  a  (nap- 
ping noife;  and  he  adds,  that  this  experiment  oc- 
cafioned  a  fimilar  fenfation  in  the  perfon  who  placed 
his  hand  near  him :  in  the  dark  hje  obferved,  that 
thefe  fnappings  were  occafioned  by  fo  many  (parks 
of  fire. 

Mr.  Grey,  on  refuming  his  experiments,  imme- 
diately concluded  from  that  of  M.  Du  Fay,  in 
which  a  piece  of  metal  drew  fparks  from  the  perfon 
eleftrified,  and  fufpended  on  filk  lines,  that  if  the 
perfon  and  the  metal  changed  places  the  effeft 
would  be  the  fame.  He  accordingly  fufpended  a 
piece  of  metal  by  filk  threads  near  his  excited  tube, 
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and  fouDd  he  drew  (parks  from  it  at,pkaftire.  ]T&* 
was  the  origin  of  metallic  conductors.  Mr.  Gtpj 
fufpected  that  the  eie&ric  jire  might  be  of  the  iame 
nature  with  thunder  and  lightning. 

To  the  philofophers  of  Germany  we  are  todebt- 
ed  for  rnoft  of  the  improvements  in  the  elettcicaj 
apparatus.  They  revived  the  ufe  of  the  .globe, 
which  had  been  invented  by  Mr.  Hawkfbee,  which 
was  afterwards  fuperfeded  by  a  cylinder,  and  to 
which  they  imparted  a  circular  motion  by  means  of 
wheels,  and  ufcd  a  woollen  rubber  inftead  of  the 
hand.  By  the  great  force  alio  of  their  machines,  - 
they  were  able  to  fire  fome  of  the  mod  inflamma- 
ble fubftances,  fuch  as  highly  rectified  fpirits,  by  the 
cledtric  fpark. 

But  the  moft  furpriztng  difcovery  was  that  which 
immediately  followed  thfefe  attempts,  in  the  years 
1745-6;  I  mean  the  method  of  accumulating  the 
cleCtric  power  by  the  Leyden  phial.  M.  Von 
Kleift,  dean  of  the  cathedral  of  Camnin,  was  the 
firft  who  found  that  a  nail  or  brafs  wire,  confined  in 

• 

an  apothecary's  phial,  and  expofed  to  the  electri- 
fying glafs  or  prime <  conductor,  had  a  power  of  col- 
lecting the  eleCtric  virtue  fo  as  to  produce  the  moft 
remarkable  effeCts;  he  foon  found  that  a  fmall  quan- 
tity of  fluid  added  to  it  increafed  the  power;  and 
fucceflive  electricians  found,  that  fluid  matter,  or  any 
conducting  body  confined  in  a  glafs  vefTel,  had  this 
power  of  accumulating  and  condenfing  (if  1  may 
ufe  the  expreflion)  the  eleCtric  virtue.  The  ihock 
which  an  eleCtrician  is  enabled  to  give  by  means  of 
4  the 
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die  Leyden  phial  is  well  known ;  and  this  was  foon 
followed  by  another  improvement,  that  of  forming 
what  is  called  the  ele&ric  battery,  by  increafing  the 
number  of  phials,  by  which  means  the  force  is  pro 
portionably  increafed.  ^  By  thefe  means  the  electric 
fliock  was  tried  upon  the  brute  creation,  and  prov- 
ed fatal  to  many  of  the  fmaller  animals,  which  ap- 
peared as  if  killed  by  lightning.  By  thcfe  means 
alfo  the  ele&ric  matter  was  conveyed  to  great  dif- 
tances ;  by  the  French  philofophers,  for  near  three 
miles;  and  by  Dr.  Watfon,  and  fome  other  mem- 
bers of  the  Royal  Society,  it  was  conveyed,  by  a 
wire,  over  the  river  Thames,  and  back  again 
through  the  river,  and  fpirits  were  kindled  by  the 
eleftric  fire  which  had  paffed  through  the  river. 
In  another  experiment  by  the  fame  gentleman,  it 
was  found  that  the  ele&ric  matter  made  a  circuit 
of  about  four  miles  almoft  inftantaneoufly. 

The  next  difcovery  rcfpefts  the  nature,  or  ra- 
ther the  origin,  of  the  ele&ric  matter*  Dr.  Wat- 
fon was  firft  induced  to  fufpeft  that  the  glafs  tubes 
and  globes  did  not  contain  the  ele&ric  power  in 
themfclves,  by  obferving,  that  upon  rubbing '-^he 
glafs  tube  while  he  was  (landing  on  cakes  of  wax 
(in  order  to  prevent,  as  he  expe&ed,  any  of  die 
clc&ric  matter  from  difcharging  itfelf  through 
his  body  on  the  floor)  the  power  was  fo  much 
leffened  that  no  fnapping  could  be  obfcrved  upon 
another  perfon's  touching  any  part  of  his  body; 
but  that  if  a  perfon  not  eleftrified  held  his  hand 

near  the  tube  while  it  was  rubbed,  the  fnapping  was 
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very  fcnfiblc.  The  event  was  the  fame  when  the 
globe  was  whirled  in  fimilar  circuniftances ;  for 
if  the  man  who  turned  the  wheel,  and  who,  toge- 
ther with  the  machine,  was  fufpended  upon  filk, 
touched  the  floor  with  one  foot,  the  fire  appeared 
upon  the  conductor  j  but  if  he  kept  himfelf  free 
from  any  communication  with  the  floor,  no  fire 
was  produced.  From  thele  and  other  decifive  ex- 
periments Dr.  Watfon  concludes,  that  thefe  globes 
and  tubes  are  no  more  than  the  firft  movers  or 
determiners  of  the  ele&ric  power. 

M.  Du  Fay  had  made  a  diftin&ion  of  two  dif- 
ferent fpecies  of  ele&ricity,  ony>f  which  he  called 
the  vitreous,  and  the  other  the  refinous  ele&ricity ; 
and  foon  after  the  difcovery  of  the  Leyden  phial,  it 
was  found,  that  by  coating  the  outfide  of  the  phial 
with  a  conducing  fubftance,  which  communicated 
by  a  wire  with  the  perfon  who  difcharged  the  phial, 
the  fliock  was  imtflenfely  increafedj  and  indeed  it 
appeared,  that  the  phial  could  not  be  charged  unlcfs 
fome  conducting  fubftance  was  in  contact  with  the 
outfide.  t)r.  Frankliji,  however,  was  the  firft 
who  ,  explained  thefe  phenomena.  He  fhewed 
that  the  furplus  of  ele&ricity,  which  was  received 
by  one  of  the  coated  furfaces  *  of  the  phial,  wa$ 
aftually  taken  from  the  other  ;  and  that  one  was 
poffeffed  of  lefs  than  its  natural  fhare  of  the.  elec- 
tric matter,  *hile  the  other  had  a  fuperabundance. 
Thefe  two  different  ftates  of  bodies,  with  refpeffc  to 
their  portion  of  electricity,  he  diftinguifhed  hy  the 
Vol.  If  U  ■     ;i   .    terms- 
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terms  fba  or  pofitive,  and  mms  or  negative;  and  k 
was  inferred  from  the  appearances,  that  bodies  which 
exhibited,  what  M.  Du  Fay  called  the  refinous 
ele&ricity,  were  in  the  ftate  of  minus y  that  is,  in  die 
ftate  of  attracting  the  eledric  matter  from  other 
bodies,  while  thofe  which  were   pofleffed  of  the 
yitreous  ekftricity  were  bodies  electrified  plus3  or 
in  a  jftate  capable  of  imparting  ele&ricity  to  other 
bodies.     By  this  difcovery  Dr.  Franklin  was   ena- 
bled to  increase  the  ele&ric  power  almoft  at  pica- 
fure,   namely,    by  connedfcing  the  outfide  of  one 
phial  with  the  infidc  of  another,  in  fuch  a  manner 
.that  the  fluid  whiph  was  driven  out  of  the   firft 
would  be  recciypd  by  the  fecond,  and  what  was 
driven  out  of  ths  fecond  would  be  received  by  the 
jdiird,  &c  and  diis  constitutes  what  we  now  call 
an  ele&rical  battery. 

But  the  moft  aftonifhing  difcovery  which  Frank- 
Jin,  or  I  might  fay  any  other  perfon,  ever  made  in 
this  branch  of  ftience,  was  the  demonftration  of 
what  had  fallen  flighdy  fufpe&ed  by  others,  the  per* 
fed  fimilarity,  or  rather  identity*  of  lightning  and 
£je(ftricity.  The  Doftor  was  led  to  this  difcovery  by 
Comparing  the  effeds  of  lightning  with  thofe  of 
{dcftricity,  and  by  refle&ing,  that  if  two  gun- 
barrels  cle&rified  will  ftrikc  at  two  inches,  and 
pake  a  loud  report,  what  muft  be  the  effeft  of 
ten  thoufand  acres  of  cleftrified  cloud.  Not  (atis* 
jfied,  however,  with  Speculation,  he  conftru&cd  a 
kite  with  a  pointed  wire  fixed  upon  it,  which, 
^uring  a  thunder  ftorm,  Jhc  contriye4   to  fend 
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up  into  an  ele&rical  cloud.  The  wire  in  the 
kite  attra&ed  thrflightning  from  the  cloud,  and  it 
defcended  along  the  hempen  firing,  and  was  re- 
ceived by  a  key  tied  to  the  extremity  of  it,  that 
part  of  the  firing  which  he  held  in  his  hand  being 
of  filkr  that  the  eleftric  virtdfc  might  ftop  when 
it  came  to  the  key.  At  this  key  he  charged  phials, 
and  from  the  fire  thus  obtained  he  kindled  fpirits, 
and  performed  all  the  common  eie&rical  experi- 
ments. 

Dr,  Franklin,  after  this  difcovery,  conftrufted  an 
infulatcd  rod  to  draw  the  lightning  from  the  atmo- 
lphere  into  his  houfc,  in  order  to  enable  him  to  make 
experiments  upon  it;  he  alfo  conne&ed'  with  it  two 
bells,  which  gave  him  notice  by  their  ringing  when 
his  rod  was  ele&rified.  This  was  the  origin  of  the 
metallic  conductors  now  in  general  ufe. 

Mr.  Canton  afterwards  difcovered,  that  the  pofi- 
tive  and  negative  eleftricity,  which  were  fuppofed 
to  depend  upon  the  nature  of  the  excited  body,  and 
therefofe  had  obtained  the  names  of  refinous  and 
vitreoys,  depended  chiefly  upon  the  nature  of  the 
forface;  for  that  a  glafs  tube,  when  the  poHfhed 
furface  was  deftroyed,  exhibited  proofs  of  negative 
(deftricity  as  much  as  fulphur  or  leafing  wax,  and 
drew  fparks/rtw  the  knuckle  when  applied  to  it, 
inftead  of  giving  fire  from  its  own  body  *  when  the 
tube  was  greafed,  and  a  rubber  with  a  rough  fur- 
face  was  applied  to  it,  its  pofitive  power  was  re- 
stored, and  the  contrary,  when  the  rubber  became 
fmootb  by  fri&iocu 
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At  this  period  it  may  not  be  improper  to  clofe 
my  (ketch  of  the  difcoveries  relating  to  cledtricity  ; 
fince  the  fole  objedt  of  thefe  narratives,  in  this  work, 
is  to  conduct  the  reader  to  a  more  ready  apprehen- 
fion  of  the  fciencc,  it  would  be  ufelefs  to  lead  him 
into  the  minutiae  of  it  before  he  was  made  properly 
acquainted  with  the  general  principles. 


•      / 
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C  h  A  p.    II. 

GENERAL  PRINCIPLES  OF   ELECTRICITY. 

Analogy  between  Caloric,  or  Fire,  and  the  eUSrical  Fluid.— The 
Arguments  on  the  contrary  Side.—Conje8ures  concerning  the 
Mature  of  this  Fluid. — Means  of  producing  eleclrical  Phenomena. 

•  — Conductors  and  Non-condu8ors.-*  Inftruments  employed  in 
EIi3ricity. 


TJROM  the  brief  account,  which  has  been  given, 
in  the  preceding  chapter,  of  difcoveries  rela- 
tive to  this  extraordinary  fluid,,  the  reader  will  be 
in  a  confiderable  degree  prepared  to  infer,  that  elec- 
tricity is  the  a&ion  of  a  body  put  in  a  ftatc  to  at- 
traft  or  repel  light  bodies  placed  at  a  certain  dis- 
tance j  to  give  a  flight  fenfation  to  the  fkin,  rcfem- 
bling  in  fome  meafure  that  which  We  experience  in 
meeting  with  a  cobweb  in  the  air;  to  fpread  an 
odour  like  the  phofphorus  of  Kunkell  j  to  dart  pen- 
cils of  light  from  the  furface,  attended  with  a  fnap- 
ping  rioife,  on  the  approach  of  certain  fubftances ; 
laftly,  that  the  body  put  in  this  ftate  is  capable  of 
communicating  to  other  bodies  the  power  of  produc- 
ing the  fame  effefts  during  a  certain  time. 

The  eledtric  power  is  indubitably  the  effeft  of 
fome  matter  put  in  motion,  either  within  or  round 

q  3  the 
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die  ele&rified  body,  fincc  if  wc  place  either   our 
hands  or  face  before  an  excited  tube  of  glafs,  or 
before  an  infulated  condu&or  which  is  elc&rified, 
we  (hall  perceive  emanations  fenfible  to  the  touch* 
and  if  we  approach  nearer,  wefhall  feel  it  diftin 6tJyv 
and  hear  a  weak  noife;  in  the  dark  we  perceive 
{parks    of  vivid  light,    especially  from    angular 
points;  we  fee  emitted  pencils  of  rays,  or  final! 
flafhes  of  divergent  flame ;  it  is  certain,  therefore,, 
that  fbme  fubtle  matter  put  in  motion  is  alone  ca- 
pable of  making  thefe  impreffions  upon  our  fcafes  * 
and  we  may  conclude,  that  every  eledtrified  body 
is  encompafied  by  feme  matter  in  motion,  which  is, 
without  doubt,  the  immediate  capfe  of  all  the  electri- 
cal phenomena,  and  which  wc  term  the  ele&ric 
matter  or  fluid. 

Thus  far,  and  no  farther,  are  we  warranted  in 
affirming,  on  the  only  evidence  to  be  admitted  in 
philofophy,  that  of  experiment,  faft,  and  obferva- 
tion.  There  is,  however,  in  man,  a  curiofity  that 
prompts  us  to  look  beyond  effe£b,  and  a  difpofition 
that  leads  us  to  theorize,  even  on  the  nioft  difficult 
lubjefts.  Let  us,  however,  do  it  with  diffidence  and 
caution.  What  then  is  this  eledtric  matter?  or 
whence  does  ifderive  its  origin  ?  It  apparently  pro- 
ceeds not  from  the  ele&rified  body,  for  that  fu£ 
fers  no  fenfible  diminution.  It  depends  not  on  any 
property  inherent  in  the  air  of  the  atmofphere,.  for 
thiec  obvious  renfons;  firft,  that  cle&rical  pheno- 
•-.ci  a  may  be  pro  Aiccd  in  a  fpace  from  which 
•  ;  ! : cm  nv:d 'carefully  t.diaufted.  Second- 
ly, 
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ly,  Becaufe  the  ele&rical  matter  has  qualities  which 
are  not  inherent  in  air ;  it  penetrates  certain  bodies 
impervious, to  air,  fitch  as  metals;  it  has  a icnfibfe 
odour  $  it  appears  itfelf  inflamed ;  it  is  capable  of 
inflaming  other  bodies,  and  of  melting  nfctdfs  j  effe&a 
which  air  cannot  produce.  Thirdly,  It  tranfinbs  in 
motions  with  confiderably  more  rapidity  than  that  of 
founds  which  is  a  motion  of  tihe  tffr  ehef  moft  rapid 
that  we  are  acquainted  with. 

It  is  generally  agreed,  that  die  ele&ric  matter  has 
a  ftrong  analogy  With  the  matter  of  heat  and  light* 
It  appears  indeed,  that  nature;  who  is  fo  very  <eco- 
nomicql  in  the  pfodu6tion  of  principled;  whilft  (he 
multiplies  their  properties  fo  liberally,  has  in  no  cafe 
eftabiiihed  two  catifes  for  one  effect  We  may  ap- 
ply this  remark  to  the  ele&ric  matter;  and  die 
more  we  inquire  imo  the  properties  of  the  de&ric 
matter,  and  thofe  of  the  matter  of  heat  arid  fight, 
the  more  (hill  we  difcover  of  this  analogy  between 
themj  and  the*  more  probable  will  k  appear,  that 
fire,  light;  and  electricity  depend  upon  the  fame 
principle,  and  that  sbey  art  only  three  different 
effects  from  the  fame  matter  or  eifcnee, 

1  ft.  Of  all  the  means  neceffary  to  excite  the  mat- 
ter of  heat,  there  is  none  more  efficacious  than  th^t 
Vhich  is  moft  neceffary  to  produce  ele&rtcity, 
namely,  fri&ion.  adly.«  As  fire,  or  caloric,  extends 
itfelf  with  more  facility  in  metals  and  humid  bddies 
than  in  any  other  fpecies  of  bodies,  fo  metals  and 
Irater  are  conductors  of  elcftricity  in  the  fame 
manner. as  they  are  of  heat,  and,  in  general,  the  fame 
'  U  4  condudors 
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conductors  are  found  equally  good  for  both.     3<Uy* 
Fire^or  caloric,  is  the  moft  elaftic  of  all  bodies,  and 
is  CDnfidered  by  moft  philofophers  as  the  principal 
caufe  of  that  repulfion  which  takes  place  between 
the  particles  of  bbdies,  of  which  the  ftrongeft:  in- 
ftonce  has /already  been  given  in  explaining    the 
caufc  of  fluidity  i  and  to  a  fimilar  caufe  the  dec- 
crk  rcpuU\on  may  be  referred.    4thly.  The  .pulfe 
and  perfpiration  of  animals  are  mcreafed  by  electri- 
city a$--by  tfcfi  a&ugri  application  of  heat,  and  die 
growth  of  vegetables  is  promoted  by  it  *•     5thJy. 
A&ual  ignition  is  produced  by  the  cleftric  fluid : 
thus  it  .is  a  common  experiment  to  'fire  fpirit  of 
wine  by  the  eledric  fpaik  >  inflammable  air  isfet  art 
fire  -by  the  iame  means  in  the  common  efe&xicaJ 
piftolir^nd  even, gunpowder  may  be  exploded  by 
a  fpark  from  a  powerful  condu&or.     6thly.  Metals 
are  mcked  by  eledricity,  and  moft  inflammable  fub- 
ftances  are  affeded  by  it,  as  by  common  fire,  but  in 
a  weaker  degree .  f    7  thly •  The  light  emitted  by  the 

•  Sir  Benj/Thomfon's  experijieafc,  Phil.  Tranf.  vol.  lxxri. 

f  Mr.  Kinnerfiey  Made  a  large  cafe  of  bottles  explode  at 
oace  through  ^  fine  iron  wire;  the  wire  at  fir  ft  appeared  red 
hot,  and  then  fell  into  drops,  which  turned  them fe Ives  into  the 
table  and  floor,  and  coolei  in  a  fpherical  form  like  fmall  (hot. 
Artificial  lightning,  from  a  cafe  of  about  thirty-five  bottles,  will 
entirely  deftroy  brafi  wire  of  one  part  in  three  hundred  and 
thirty  of  an  inch.  Metals  may  alfo  be  revived  by  the  electric 
fhock ;  and  Sig.  Beccaria  melted  borax  and  glafs  by  it.  Pritft- 
Jcy's  H:ft.  Eleft.  vi.  341—343.  Seeds  of  clubmofs  (lycOpo- 
dium)  were  fired  by  it;  alfo  aurum  fulminans,  ib.  343. 
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cl*&rical  apparatus  has  all  the  properties  of r  that 
w&ich-is  emitted '.  from  the  fun,  die  cbmpofitior* 
dHRnring  in  fome  refpetfs,  according  to  ciicum* 
ftarices,  as  to  the  predominancy  of  certain,  fays,, 
the  flight  in  different  instances  inclining  to  blue, 
.  red,  white,  &c.  according  to  its  intenfity.  8flilja: 
The  motion  of  light  is  exceedingly  rapid,  whetheii 
it  is  refie&ed  or  refratfted;  in  the  fame,  manner: the 
eledferic  fluid  is  found  to  move  with  afrnoft  infinite 
velocity,  for  it  has  been  proved  by  experiments* 
that  a  cord  twelve  hundred  .feet  long  has  become 
kiftaotly  ele&ric  in  its  whole  extenr*.  The  Abbe 
Nollet  has  communicated  the  ele&ric  fhoclc  to  two 
hundred  perfons  at  the  fame  time,  or  At  .'the  kaft 
perceptible  inftant.  •       /  »       * 

Notwithftanding  thefe  confiderations,  it  mult;  be 
confefled  that  there  are  fome  fads  which  feem  to  in- 
dicate that  the  ele&ric  fluid  is  not  purely  and  fimply 
the  matter  of  heat  or  light  unmixed  with  other  fub- 
fiances;  for  ift,  we  havfc  obfenredj.  thatrche  ete&rie 
matter  has  the  property  of  affe&togrthe^brgans  of 
fcent,  which  belongs  neither  15*  ligtawor  heaiL  nrr- 

adly.  It  is  well  known  alfoj  that  "tat  acxrtMiulariort  o( 
the  matter  of  Are  or  heat  jncrcafes;  tbfe  fluidity  of  alt 
bodies,  and  prevents  them  from  congealing,  where*; 
congealed  fluids  may  be  highly  charged  with  elec- 
tricity;  nor  does  it  appear  to  have  the  fmalleft  effedfc 
in  increaflng  their  fluidity. 

•  Memoires  de  l'Acad.  dei  Sci,  1733,  p.  247. 

3d.  Heat 
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3dly.  Hett  Iprcads  in  every  diicfiion,  whereas  the 
ele&rical  fluid  may  be  arretted  in  its  progrefc  by 
certain  bodies,  which,  on  that  account,  have  obtained 
the  name  of  non-condu&ors.  The  TorriceUias 
vacuum,  on  the  contrary,  affords  a  ready  pofiage 
to  die  ele&ric  fluid,  but  is  a  bad  conductor  of 
heat*. 

4thly.  Whenever  the  mutter  of  heat  penetrate* 
bodies,  it  warms  as  well  as  expands  diem.  The 
ck&ric  fluid  does  not  produce  thefe  efieds ;  bodies, 
however  long  they  may  be  ele&rifkd,  become 
neither  hotter  to  the  touch,  nor  more  extended  in 
dimenfions. 

5*hly.  The  Angular  property  of  adhering  to  certain 
condu&on,  without  diffufing  itfclf  to  others,  which 
maybe  even  in  contaA  with  them;  (b  obfervablc  in 
die  ele&rical  fluid,  is  a  property  not  common  to 
caloric,  or  elementary  Are.  Thus  we  have  fcen 
that  fpirits  were  fired  by  an  ele&ric  fpark  drawn  by 
a  wire  through  the  water  of  the  Thames,  and  large 
pieces  of  iron  wire  have  been  heaoed  red  hot,  while 
immerfcd  in  water,  by  an  cle&rical  explofion  j\ 

6thly.  With  refpe&  to  the  identity  of  light  and 
ckdricity,  i€  fboukl  §Mb  be  recdle&ed*  that  tight 
pervades  glafs  with  the  greateft  facility,  whereas  that 
fubftance  is  penetrated  by  the  ek  ccrical  fluid  only 
in  certain  circumftances,  and  wi;h  the  utmoft  diffi- 
culty »  if,  therefore/  k  fhould  be  admitted  that  the 

a  Sir  Benj.  Tbomfon't  experiments  above  quoted/ 
f  Ibid. 

balis 
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hafis  of  the  de&ric  matter  is  radically  the  fame  with 
the  matter  of  heat  or  light,  it  muft  alio  be  ad- 
mitted, that  k  retains  fome  other  matter  in  combiua* 
tbh  with  it,  of  the  nature  of  which  we  .are  aa  yet 
uninformed;  and  it  is  probably  this  combination  of 
foreign  matter  which  difables  it,  in  ordinary  cafes, 
from  penetrating  glaft.  Let  it,  however,  be  care- 
fully remembered,  that  all  this  is  (peculation  and 
conjefhne,  and  that  we  at  prefent  know  nothing  of 
a  certainty  concerning  thede&rical  fluid,  but  fome 
of  its  effe&s. 

Ek&ical  phenomena  are  produced  by  friftion* 
and  by  communication.  In  general,  bodies  which 
cio&rify  the  beft  by  friftion  ele&rify  the  worft  by 
communication  (except  glafs  in  certain  circuow 
ftances)  and  on  the  contrary,  fubftances  which  elec- 
trify the  beft  by  communication  ele&rify  die  worft 
by  friction.  I  fhartl  begin' with  tbofe  experiments 
which  gave  rife  to  the  principal  technical  senna 
made  ufe  of  in  this  feience. 
.  If  a  dry  glafs  tube  is  rubbed  with  a  piece  of  dry 
life,  and  light  bodies,  as  feathers,  pith  balls,  &c.  are 
prefented  to  it,  they  will  be  firft  attracted,  and  then 
repelled.  The  beft  rubber  for  a  finooth  glafi  tube 
is  a  piece  of  black  or  oiled  filk,  on  which  a  litde 
amalgam  has  been  placed ;  fealing  wax,  rubbed  with 
new  and  foft  AanBel,-will  produce  die  fame  effedfc.  • 
By  this  fri&ion  an  agent  or  power  is  put  in  a&ion> 
and  this  power  is  called  the  cle£tri£al  fluid;  a  certain 
quantity  of  this  fluid  is  fuppofed  to  e*ift  latent  in  all 

-    bodies, 
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bodies,  in  which  ftate  it  makes  ho  impreffion '  on 
our  fenfes,  but  when  by  the  powers  of  nature  or  of 
art,  this  equilibrium  is  deftroyed*  and  the  agency 
of  the.  fluid  is  rendered  perceptible  to  the  fenfes* 
then  thafe  effe&s  are  produced  which  are  termed 
ek&rical,  and  the  body  is  (aid  to  bt  ele&rified. 

If  a  homogenous  body  is  prcfented  to  the  excited 
tube,  fo  as  to  receive  ele&ricity  from  it,  and  the 
•ele&ricity  remains  at  or  near  the  end  or  part  pre- 
fented,  without  being  communicated  to  the  reft  of 
the  .body,  it  is  called  a  non-condudtor  or  eic&ricj 
but  if,  on  the  contrary,  the  ele&ricity  is  communi- 
cated to  every  part,  the  body  is  called  a  conductor, 
or  non  eleftric.  A  body  is  faid  to  be  htfulated  vrhen 
k  communicates  with  nothing  but  eledtrics. 

A  condudtor  cannot  be  dcilrtfied  while  it  com- 
municates with  the  earth,  either  by  diredt  contad 
or  by  the  interpofition  of  other  conduftors,  becaufe 
the  ek&ricity  is  immediately  conveyed  away  to  the 
earth. 

.:  A  mutual  attraction  is  exerted  between  a  body 
in  a  ftate  of  ele&ricity  and  all  non-ele£tric  bodies, 
which,  if  not  large  and  heavy,  will*  pais  rapidly 
through  the  air  to  the  ele&rified  body,  where  they 
rtmaiti  .till  they  have,  by- communication,  acquired 
the  fame  ftate,  when  they  will  be  repelled-  If  an 
uninfulated  condudtor  is  at  hand,  it  will  attrad  the 
fmall  body  when  ele&rified,  and  deprive  it  of  its 
ek&ricity,  fo  that  it  will  be  again  attracted  by  the 
elettrified  body,  and  repelled  as  before,  and  will 
%  continue 
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continue  to  pafs  and  repafs  between  the  two,  till 
the  ele&ric  ftate  is  entirely  deftrayed. 
.    The  following  fubftances  are  reckoned  among 
the  principal  conductors  of  the  eledtric  fluid : 

Stony  fubftances  in  general, 

Lime-ftone,  marbles, 

Oil  of  vitriol,  \ 

Allum, 

Black  pyrites, 

Black  lead  in  a  pencil, 

Charcoal, 

AH  kinds  of  metals  and  ores, 

The  fluids  of  animal  bodies, 

All  fluids,  except  air  and  oils. 
Ele&ric  bodies,  or  thofe  fubftances  which  emit 

» 

this  fluid,  are  the  following: 

Amber,  jet,  fulphur, 

Glafs,  and  all  precious  (tones, 

All  refinous  compounds, 

AH  dry  animal  iubftances,  as  (ilk,  hair,  wool, 
paper,  &c 
M«  Achard,  of  Berlin,  has  proved  bv  exper  fnent, 
that  certain  circum  It ances  will  caufe  a  body  ro  ron- 
diwft  ele&ricity,  which  before  was  a  non-con  iU&oh 
The  principal  of  thefe 'circumftarice^  are  the  de- 
grees of  heat  to  which  the  body  is  fubjedted.  Tfis 
gentltman  agrees  in  opinion  with  M.  hykt^hac  the 
principal  difference  between  conduftors  and  non- 
conductors confifts  in  the  fize  of  the  pores  of  t  ie 
conftityent  parts  of  the  body. 

It 
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It  rtHjft  be  obferved,   that  elc&rics  arid  rtoit* 
eleftrics  arc  not  fo  ftrongly  marked  bjr  nature  as  w 
be  defined  wkh  predfion ;  for  die  lame  fubftance 
has  teen  differently  clafied  by  differerit  writers; 
befides,  the  eledtric  properties  of  the  feme  fubftance 
vary  according  to  changes  of  circumftances;  thus  a 
piece  of  green  wood  is  a  condu&or,  and  the  fame 
piece,  after  it  has  been  baked,  becomes  a  non- 
conductor; when  it  is  formed  into  charcoal  k  again 
condu&s  the  electric  matter;  but  When  reduced  to 
aihes  is  impervious  to  it.    Indeed,  it  might  perhaps 
be  generally  faid,  that  every  fubftance  is  in  a  certain 
degree  a  condu&or  of  this   fluid,  thotigh   fomc 
conduct  it  with  much  more  facility  than  others. 

The  inftmment*  ufed  in  ele&ricity  ate  of  five 
kinds;  firft,  tubes  of  glafs,  or  cylinders  of  feaKhg 
'wax  j  the  fecond  confift  of  a  fingle  winch  or  of  a  mul- 
tiplying wheel,  by  means  <if  which,  globes,  cylin- 
ders, and  plates  of  glafs,  of  fulphur,  or  of  fealing 
wax,  are  made  to  turn  round ;  thirdly,  metallic 
condudlors,  or  fubftances  charged,  with  humidity* 
frurthly,  elcftrk  bottles,  commonly  Called  Lejrden 
phials;  fifthly,  electric  batteries. 

The  firft  electrical  machine  made  ufc  of  was  a 
tube  of  glafs,  Which,  being  eledtrified  by  fri&ion, 
jwas  then  put  in  a  Aate  to  communicate  ekftricity  to 
other  bodies.  The  beft  glafs  for  this  pufpofe  is  the 
fine  white  Engli(h  cryftal.  The  mpft  convenient  dj* 
menfionsfor  thefe  tubes  are  about  three  feet  of  length, 
twelve  or  fifteen  lines  of  diameter,  and  quite  a  fine 
pf  thicknefs.    It  is  of  little  importance  yrfrepher  the 

tufcf  ■ 
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tube  is  open  or  clofed  at  the  extremities  j  yet  it  is 
neceflary  that  the  air  within  fhould  be  in  the  fame 
ftate  as  that  without;  for  this  reafon  the  tube  (houbl 
at  leaft  be  open  at  one  end}  hut  care  muft  be  taken 
left  dirt  fhould  be  admitted  into  die  infide,  for 
Chat  would  confiderably  impede  its  effefts.  If, 
notwithftanding  thefe  precautions,  the  tube  re- 
ceives either  dirt  or  moifture,  fome  dry  and  fine 
land  fhould  be  introduced  into  the  infide,  and  it 
fhould  be  afterwards  cleaned  out  with  fine  dry 
cotton. 

When  it  is  intended  to  elettrify  £  tube,  it  is  only 
neceflary  to  take  the  end  in  one  hand,  and  to  con- 
tinue, to  rub  the  tube  with  the  other  hand  from 
orie  end  to  the  other  until  it  affords  marks  of  its 
being  fufficiendy  charged  with  the  ele&ric  fluid. 
This  friftion  may  be  performed  with  the  naked  hand 
when  it  is  dry  and  clean,  otherwife  with  a  piece  of 
brown  paper,  or  waxed  taffeta.  When  the  tube  haa 
been  rubbed  in  this  manner,  the  circumambient  air 
being  dry,  if  light  fubftances  are  prefented  to  it, 
they  will  be  firft  attrg&ed  towards  it  and  immedi- 
ately afterwards  repelled.         N  M 

The  ele&ric  fluid  may  be  excited  in  nearly  a 
fimilar  manner,  by  rubbing  a  ftick  of  fulphur  or 
fealing  wax. 

Thefc  tubes  being  but  fmall,  the  eledric  fluid 
produced  by  thefc  means  is  but  feeble  in  its  efie&s. 
We  have'feen  that  a  methbd  was  contrived  to  turn 
a  globe  of  glafs  upon  its  axis,  by  means  of  a  ma- 
chine with  a  winch  or  multiplying  wheels  this  me-* 

thod 
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thod  admitted  of  a  larger  furfacc,  and  the  fridion 
was  performed  with  greater  eafe,   by   means  of 
a  rubber  being  placed  clofe  to  die  revolving  globe. 
To  conftruft  a  machine  fufficicntly  large  for  all 
the  purpofes  ofeleftrical  experiments,  M.  Briflbn  di- 
refts  that  the  wheel  RO  (fee  Plate  XVI.   Fig.'  1.) 
jhould  be  at  leaft  four  feet  in  diameter,    and  be 
turned  round  in  a  ftrong  and  folid  frame  HI  CD, 
&c.     He  dire&s  further,  that  there  fhould  be  two 
handles  M,    «,  fo  that  two  men   may  be   em- 
ployed at  once  in  certain  cafes,  to  give  a  fufficient 
friction  to  the  globe  to  augment  the  effedts.     The 
globe  S  ought  to  be  carried  round  between  two 
fmall  polls  N>  which  ought  to  be  fo  placed  that 
they  may  be  drawn  farther  from  or  nearer  to  the 
wheel,  in  order  to  admit  the  cord  to  be  moved 
comrnodioufly  whenever  it  is  contrafted  or  extended. 
It  is  alio  nccefiary  that  one  of  thefe  fmall  pofts 
fliould  be  moveable,  lhat  it  may  be  placed  either 
nearer  to  or  farther  from  the  other,  fo  that  globes 
of  different  diameters  may  be  placed  in  the  ma* 
chines  th?  cord  of  the  wheel  RO  (hould'commu- 
nicate    immediately   with    the    pulley  P    Of  the    • 
globe  S.  ;  , ■       j 

.  When  this  machine  is  ufed  for  the  purpofis  ofly  1 
elettricity,  the  globe  S  fliould  be  turned,  according-  » 
to  the  order  of  the  cyphers  1  2  3,  and  its.  equator 
rubbed  with  a  leathern  cufhion  fluffed  with  horfe 
hair,  this  may  ajfo  be  done  by  the  hands  when  thejr   ; 
are  clean  and  dry.    A  bar  of  iron  (AB,  Fig.  2.)  tor 
filiated  with  the  cords  of  filk  s,  j,  is  placed,  over 

the  ! 
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* 

die  globe  S,  this  bar  ferves  as  a  condu&orto  the 
ele€fcric  fluid  *•  > 

A  machine  of  a  fimpler  conftru&ion  has  been  in- 
vented in  this  country,  and  is  reprefented  in  ^Fkt/t 
XVII.  Fig.  1.  In  this  inftrument  a  circular  plate  of 
glafs  is  employed  inftead  of  a  globe.  The  plate, 
Pp,  is  bored  through  the  center,  and  mounted  on 
an  axis,  a  *,  of  copper  or  hard  wood,  to  which  is 
fixed  the  handle,  a  b.  The  axis  is  fupported  by 
two  vertical  polls  of  wood,  m9  n,  to  which  are 
appended  four  culhions,  iiy  formed  according  to 
the  preceding  directions,  and  which  ferve  by  their 
friftion  to  excite  the  plate. 

Before  the  plate  a  metal  conductor,  ED,  is 
placed  horizontally,  having  two  arms  or  branches, 
A  B,  alio  of  metal,  each  terminating  in  a  fmall 
globe  or  knob,  which  may  be  brought  within  a  con- 
venient diftance  of  the  place  to  receive  the  ele&rical 
fluid*  The  conduftvr  itfelf  is  infulated  by  two 
glafs  pillars,  FG. 

The  advantages  of  this  machine  are,  that  it  may 
be  made  portable,  and  is  of  fo  fimple  a  contrac- 
tion, that  any  gentleman  in  the  country,  after  pro* 
curing  a  plate  of  a  reafonable  thicknefs  from  a 
glafs-houfe,  may,  by  the  aid  of  a  common  cabinet- 
maker, conftrud  one  for  his  own  ufe;  the  con- 
ductor may  be  equally  infulated  by  rofin,  wax,  filk, 
or  any  other  eledtric  or  non- conducing  fubftance* 

*  Briffon,  Tmite  elementaire  dc  Phyf.  torn.  iii.  p.  305. 
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This  machine  is,  however,  feeble  ih  its  operations, 
compared  with  thofe  conftru&ed  with  globes  or  cy- 
linders. The  mod  powerful,  and  yet  the  moft 
fimple,  of  thefe  that  I  have  feen,  are  thofe  de (bribed 
by  my  late  valuable  friend,  Mr.  Adams,  in  his  trea- 
tise of  cleftricity. 

Fig.  i .  and  a,  Plate  XVIII.  reprefent  two  ele&rical 
machines  of  the  moft  approved  conftru&ion  ;  the 
only  difference  between  them  is,  the  mcchanifm  by 
which  the  cylinder  is  put  in  motion. 

The  cylinder  of  the  machine,  Fig.  2.  is  turned 
round  \?y  two  wheels,  ab>  cd,  which  aft  pn  each 
other  by  a  catgut  band,  part  of  which  is  feen  at 
e  and  /. 

The  cylinder  in  Fig.  i.  is  put  in  motion  by  a 
fimple  winch,  which  is  lefs  complicated  than  that 
with  a  multiplying  wheel  (Fig.  a.) :  as,  however, 
both  machines  are  fo  nearly  fimilar,  the  fame  letters 
of  reference  are  ufed  in  defcribing  them  both. 
ABC  reprefent  the  bottom  board  of  the  machine, 
D  and  E  the  two  perpendicular  Supports,  which 
fuftain  the.glafs  cylinder  FGHL  The  axis  of  the 
cap  K  pafles  through  the  Support  D;  on  the  ex- 
tremity of  this  axis  either  a  fimple  winch  is  fixed, 
as  in  Fig.  i.  or  a  pulley,  as  in  Fig.  2  •.     The  axis  ' 

*  Mr.  Adams,  in  his  Le&ares  on  Nat.  Philofophy,  obferves, 

*  that  machines  turi-:«»  L»v  a  :.;r  pie  winch  are  left  liable  to  be  out 

of  order  than  their  vvr.ich  are  turned  by  a  multiplying  wheel, 

and  may  alio  be  excited  more  powerfully.  Adams* s  Ltd.  vol.  i?. 

p.  311. 
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of  the  otbet  cap  runs  in  a  (mall  hole,  which  is  made 
in  the  top  of  the  fupporter  E. 

O  P  is  the  glafs  pillar  to  which  the  cufhion  is 
fixed ;  T  a  brafs  fcrew  at  the  bottom  6f  this  pillar, 
which  is  to  regulate  the  preffure  of  th<5  cufliion 
againft  the  cylinder.  This  adjufting  fcrew  is  pecu- 
liarly advantageous :  by  it  the  operator  is  enabled 
to  lefien  or  increafe  gradually  the!  pfeflbre  of  the 
cufliion,  which  it  effedts  in  a  mUcih  neater  manner 
than  it  is  poflible  to  do  when  the  infulating  pillar  is 
fixed  on  a  Aiding  board.  r 

On  the  top  of  the  gjAr  OP  is  a  conductor, 
which  is  conne&ed  with  the  cufliion,  and  this  is 
called  the^negative  condu&or.  In  both  figures  this 
conductor  is  fuppoled  to  be  fixed  clofe  to  the 
cufliion,  and  to  lie  parallel  to  the  glafs  cylinder*  In 
Fig.  1.  it  is  brought  forwards,  or  placed  too  near 
the  handle,  in  order  that  more  of  it  may  be  in  fight, 
as  at  R  S  ;  in  Fig.  a.  the  end  R  S  only  is  feen; 

YZ  (Fig.  1.  and  a.)  reprefents  the  pofitive 
prime  condu&or,  or  that  tf  hich  takes  the  eledtric 
fluid  immediately  from  the  cylinder*  L  M  the  glafi 
pillar  by  which  it  is  fupported  and  infulated,  and 
V  X  a  wooden  foot  or  bafe  for  the  glafs  pillar.  "In 
Fig.  1.  this  condu&or  is  placed  in  a  dire&ion  pa- 
rallel to  the  glafs  cylinder}  in  Fig.  2.  if  (lands  at. 
right  angles  to  the  cylinder :  it  may  be  placed  in 
either  pofition  occafionally,  as  is  moft  convenient  to 
the  operator. 

Previous  to  relating  feveral  circumftances,  by 
which  a  large  quantity  of  the  ele&ric  fluid  may  be 

X  2  excited, 
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excited,  it  may  be  necefiary  to  premifc,  that  the  re- 
fiftance  of  the  air  feems  to  be  lefiened,  or  a  kind  of 
racuum  is  produced,  where  the  cufhion  is  in  dole 
contact  with  the  cylinder;   and  that  the  ele£hic 
matter,  agreeably  to  the  law  obferved  by  all  other 
elaftic  fluids*  is  prefled  towards  that  part  where  it 
finds  leaft  refiftance  $  the  fame  inftant,  therefore, 
that  the  cylinder  is  feparated  from  the  cufhion,  th? 
fire  iffues  forth  in  abundance,  becaufe  the  refiftance 
made  to  it  by  the  a&ion  of  the  atmofphere  is  leflened 
at  that  part :  the  effe6t  which  arifes  from  the  de- 
ftruftion  of  the  attraction  or  cohefion  between  the 
cylinder  and  the  cufhion  is  a  further  proof  of  the 
truth  of  this  hypothefis.     The   more  perfe6fc  the 
continuity  is  made,  and  the  quicker  the  folution  of 
it,  the  greater  is  the  quantity  which  will  proceed 
from  the  cufhion. 

To  excite,  therefore,  an  ele&rical  machine  effec- 
tually,  we  muft  firft  find  out  thofe  parts  of  the 
cufhion  which  are  prefled  by  the  glafs  cylinder,  then 
the  amalgam  muft  be  applied  to  thofe  parts  only. 
The  line  of  contaft  between  the  cylinder  and 
cufhion  muft  be  made  as  perfect  as  poflible,  and 
the  fire  which  is  colle&ed  muft  be  prevented  from 
efcaping.  The  breadth  of  the  cufhion  fhould  not 
be  great,  and  it  fhould  be  placed  in  fuch  a  manner 
that  it  may  be  eafily  raifed  or  lowered. 

In  order  to  find  the  line  of  contadt  between  the 
cylinder  and  cufhion,  place  a  line  of  whiting,  which 
<has  been  diflblved  in  fpirits  of  wine,  on  the  cylin- 
der 5  on  turning  this  round,  the  whiting  is  depofited 
+  on 
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on  the  qufliion,  and  marks  thofc  parts  of  it  which 
bear  or  rub  againft  the  cylinder.  The  amalgam  is 
to  be  put  on  thofe  parts  only  which  are  thus 
marked  by  the  whiting. 

Whenever  the  electricity  of  the  cylinder  grows 
lefs  powerful,  it  is  eafily  renewed  by  turning  back 
the  filk  which  lies  over  it,  and  then  rubbing  tho 
cylinder  with  the  amalgamated  leather,  or  by  alter- 
ing the  preffure  of  the  adjufting  fcrew. 

A  fmall  quantity  of  tallow  placed  over  the  amal- 
gam is  obferved  to  give  more  force  to  the  ele&ric 
powers  of  the  cylinder ;  or  the  fame  end  may  be 
effected  by  rubbing  the  cylinder  with  a  coarfe  cloth* 
which  has  been  a  litde  greafed,  and  afterwards  wip- 
ing the  fame  with  a  clean  cloth. 

As  air  not  onty  refifts  the  emiflion  of  the  elcftric 
fluid,  but  alio  diffipates  what  is  colle&ed,  on  ac- 
count of  the  condufting  fubftances  which  are  float- 
ing in  it,  a  piece  of  black  or  oiled  filk  (hould  be 
placed  from  the  line  of  contact  to  the  collefting 
points  of  the  prime  conductor,  and  thefe  points 
fhould  be  placed  within  its  atmofphere. 

Sometimes  the  filk  will  adhere  fo  ftrongly  to  the 
cylinder,  when  zinc  amalgam  is  ufed,  as  to  render  it 
very  difficult  to  turn  ;  this  may  be  obviated  by  rub* 
bing  a  fmall  quantity  of  aurum  mufivum,  or  a  litde 
whiting,  over  the  filk,  when  it  is  wiped  clean  *. 

there 

•  The  following  directions  of*  Mr.  Adams,  relative  to  excit- 
ing the  machine,  will  be  ufeful  to  the  experimentalift : 
<  To  excite  your  machine,  clean  the  cylinder,  and  wipe  the 

fill,  ' 

X  3  ♦  Greafe 
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There  are  now  in  ufe  two  kinds  of  amalgam  : 
One  is  made  of  quickfilver  five  parts,  zinc  one  part, 
which  are  melted  together  with  a  fmall  quantity  of 
bee's- wax  ;  the  other  is  the  aurum  mufivum  of  the 
fhops.  Before  either  of  thefe  will  adhere  clofely  to 
the  filk  it  is  neceflary  to  greafe  it,  to  wipe  off  the 
fliperfluous  greafe,  and  then  fprfcad  the  amalgam. 

One  property  of  the  eJe&ric  fluid  it  will  be  proper 
to  notice  before  the  conclufion  of 'this  branch  of  the 
fubjeft,  and  that  is,  that  it  is  more  forcibly  attra&ed 
by  points  than  by  balls  or  any  blunt  or  rounded 
furfaces.  This  may  be  demonftrafed  by  a  variety 
of  eafy  experiments,  and  may  be  feen  by  prefenting 
a  metal  ball  at  a  given  diftance  to  a  conductor  in 

f  Greafe  the  cylinder  by  turning  it  againft  a  greafy  leather, 
till  it  is  uniformly  obfeured.  The  tallow  of  a  candle  may  be 
ufed. 

*  Turn  the  cylinder  till  the  filk  flap  has  wiped  offfo  much  of 
the,  greafe,  as  to'rcnder  it  femi -transparent. 

f  Put  (brae  amalgam  on  a  piece  of  leather,  and  fpread  it  well, 
fo  that  it  may  be  uniformly  bright;  apply  this  againft  the  turn- 
ing cylinder,  the  fri&ion  will  immediately  increafe,  and  the 
feather  mud  not  be  removed  until  ifCeafes  to  become  greater. 

'  Remove  the  leather,  and  the  action  of  the  machine  will  be 
yery  ftrong. 

.   «  The  preflure  of  the  cumion  cannot  be  too  fmall,  when  the 
excitation  is  properly  made* 

*  The  amalgam  is  that  of  Dr.  Higgins,  compofed  of  zinc  and 
mercury;  if  a  little  mercury  be  added  to  melted  zinc,  it  renders 
it  eafily  pulverable,  and  more  mercury  may  be  added  to  the 
powder,  to  make  a  very  foft  amalgam.  It  h  apt  to  cryftaliize 
by  repofe,  which  feems  in  fome  meafure  to  be  prevented  by  tri- 
turating it  with  a  fmall  proportion  of  greafe :  and  it  is  always 
of  advantage  to  triturate  it  before  uiing.' 

the 
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the  a£t  •  of  being  charged,  when  it  will  be  found 
that  a  metal  point  prefented  at  a  much  greater  dif- 
tance  will  draw  off  the  Whole  of  the  ele&rical  mat- 
ter from  the  conduftoh  In  the  one  cafe  alio  (the 
point)  the  ele&ricity  goes  off  invlfibly,  and  without 
noife ;  in  the  other  cafe  there  is  both  a  flafh  and 
a  report. 

*  With  refpedt  to  the  modes  employed  by  elec- 
tricians for  the  accumulation  of  the  fluid,  it  will  be 
neceffary  to  confider  them  in  a  diftinft  chapter  s  but 
previous  to  this  a  few  particulars  muft  be  ftated  re- 
lative to  what  is  termed  pofitive  and  negative  elec- 
tricity. 


X4  Chap. 
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Chap.    III. 

OP  THE  VITREOUS  AND  RESINOUS, 
OR  POSITIVE  AND  NEGATIVE  ELEC- 
TRICITY. 

Difti*8ion  in  the  attractive  Powers  of  certain  Eltfirits^Tbqfi? 

EffeBs  found  to  depend  not  on  the  Nature  of  the  Subfiane$%  but  the 
Roughnefs  or  Smooth  tiffs  of  the  Surface.— Theory  of  Two  diftin& 
Fluids*— Franklin* i  Theory.— Difficulties  attending  it, 

IN  a  very  early  ftage  of  the  fcience,  we  have 
feen,  that  a  diftinction  was  obferved  with  re- 
lpe6b  to  the  attra&ive  and  repulfive  powers  of  cer-  ' 
tain  eledtric  bodies.  Thus  if  we  ele&rify  with  the 
fame  fubftance,  for  inftance,  either  with  excited  glafe 
or  with  fealing  wax,  two  cork  balls  in  an  infulated 
ftate,  that  is,  fufpended  by  filk.  lines  about  fix 
inches  long,  the  balls  will  feparate  and  repel  each 
other;  but  if  we  eleftrify  one  of  the  balls  with 
glafs,  and  the  other  with  fealing  wax,  they  will  be 
mutually  attracted.  This  circumftance  gave  rife  to 
the  opinion,  that  two  different  fpecies  of  electricity 
exifted,  and  the  one  was  termed  the  vitreous  elec- 
tricity, or  that 'produced  from  glafs  i  and  the  other, 
which  was  produced  from  fealing  wax,  refinous 
fubftances,  and  fulphur,  was  termed  the  refinous 
eledtricity, 

Subfequen? 


Jk_5_'*J 
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Subfequent  experiments  ferved.to  fhew,  that  ia 
the  common  ele&rical  machine,  the  rubber  exhi- 
bited the  appearances  of  the  refinous  electricity, 
and  the  cylinder,  that  of  the  vitreous,  while  the  for- 
mer was  connected  with  the  earth.  A  divergent 
cone  or  brufh  of  eleftrical  light  was  obferved  tt> 
be  the  obvious  mark  of  the  vitreous  eledtricity* 
and  a  (ingle  globular  mafs  of  light  diftinguiflied  the 
refinous  kind.  The  hand  or  body  alio,  which  ap- 
proached  the  vitreous  or  glaffy  fubftance,  when  ex* 
cited,  appeared  to  receive  the  matter  from  the  ekc~> 
trie;  but  when  one  of  the  refinous  kind  was  ex- 
cited, the  ele&rical  matter  appeared  to  procted 
from  the  hand  or  other  approaching  bodjr. 

Notwithftanding,  however,  the  names  by  which 
thefc  different  forms  of  ele&ricity  were  diftinguilh- 
ed,  as  the  vitreous  and  refinous,  it  was  at  length 
difcovered,  that  the  different  phenomena  depended 
rather  upon  the  furface,  than  upon  the  nature  and 
compofition  of  the  cledtricj  for  a  glafs  tube,^  when 
the  polifhed  furface  was  deftroyed,  by  being  ground 
with  emery,  and  being  rubbed  with  a  fmooth 
body,  exhibited  all  the  proofs  of  the  refinous  elec- 
tricity, as  much  as  fulphur  or  fealing  wax;  yet  af- 
terwards, when  it  was  greafed  and  rubbed  with  a 
rough  furface,  it  refumed  its  former  property.  It 
feems,  therefore,  to  be  a  rule,  that  the  fmootheft  of 
two  bodies,  upon  fri&ion,  exhibits  the  phenomena  of 
the  vitreous  eleftricity,  for  baked  wooden  cylinders 
with  a  fmooth  rubber  are  refinoufly  electrified*  but 
>yich  a  rubber  of  qoarfe  flannel  exhibit  the  appear- 
ances 
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ances  of  the  vitreous  kind;  and  even  polifhed  glafs 
will  produce  the  phenomena  of  the  refinous  elec- 
tricity, if  rubbed  with  the  fmooth  hair  of  a  cat** 
fkin. 

Amidft  this  embarraffing  variety  of  experiments, 
thole  philolbphers  who  applied  to  this  branch  of 
(cience,  were  eagerly  employed  in  inventing  theo- 
ries to  account  for  thefe  phenomena,  and  electri- 
cians are  ftill  divided  with  refpeft  to  the  caufe. 

The  old  theory  of  vitreous  and  refinous  eleftri- 
city,  or  two  diftinft,  pofitive,  and  aftive  powers, 
which  equally  and  ftrongly  attrad  and  condenfe 
each  other,  has  ftill  its  fupporters;  among  the  ableft 
of  its  defenders  was  my  late  friend  Mr.  Adams, 
who,  it  muft  be  confeffed,  upon  this  theory,  has  in- 
genioufly  accounted  for  the  moft  remarkable  elec- 
trical phenomena  *.  * 

The  theory  of  Franklin,  however,  though  not 
without  its  defefts,  has  more  fimplicity,  and  ac- 
counts for  fafts  in  a  more  eafy  and  more  natural 
manner.  The  principles  of  this  diftinguiftied  philo- 
fopher  may  be  refblved  into  the  following  axioms: 

i ft.  The  electric  matter  is  one  and  the  fame  in 
all  bodies,  and  is  not  of  two.diftinft  kinds, 

&d.  All  terreftrial  bodies  Gontain  a  quantity  of 
this  matter. 

*  3d.  The  ele&ric  matter  violendy  repels  itfelfj 
but  attra&s  all  other  matter. 

•  Sec  Mr.  Adams's  Leftures  on  Nat.  Phil.  vol.  iv. 
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4th.  Glafs  and  other  fubftances,  denominated 
electrics,  contain  a  large  portion  of  this  matter,  but 
are  impermeable  by  it. 

5th.  Conducing  fubftances  are  permeable  by  it^ 
and  do  not  conduit  it  merely  over  their  furface. 

6th.  A  body*  may  contain  a  fuperfluous  quantify 

of  the  ele&ricil  fluid,  when  it  is  faid,  according  to 

this  theory,  to  be  in  a  pojithe  ftate,  or  eledlrified 

«  plus ;   and  when  it  contains  lefs  than  its  proper  ihare 

it  is  faid  to  be  negative,  or  eleftrified  minus. 

7th.  By  exciting  an  ele&ric,  the  equilibrium  of 
4  the  fluid   is  broken,  and  the  one  body  becomes 
overloaded  with  ele&rity,  while  the  other  is  depriv- 
ed of  its  natural  fhare. 

Thus,  according  ro  the  Franklinean  theory,  that 
<  eleftricity,  which  was  before  called  vitreous,  is  now 
called  fofitive  eleftricity ;  and  that  which  was  term- 
ed the  re/mousy  is  now  denominated  negative  elec- 
tricity. K 

It  is  evident,  that  it  is  only  in  pafljng  from  one 
body  to  another,  that  the  eflfetts  of  the  cleftrical 
fluid  are  apparent.  When  all  the  adjacent  bodies 
therefore  are  equally  charged  with  eleftricity,  no 
efFefts  whatever  will  appear.  The  equilibrium 
muft,  according  to  the  principles  x>f  Dr.  Franklin, 
be  deftroyed,  that  is,  the  fluid  muft  be  made '  rarer 
in  fome  one  part,  before  any  of  the  phenomena 
will  be  exhibitecj.  In  that  cafe  the 'denfe  fluid  rufh- 
ing  In  to  fupply  the  deficiency  in  that  part  where  it 
is  rarer,  produces  the  flafh  of  light,  the  crackling 
noifej  and  the  other  eflfefts  of  eleftricity, 
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The  different  efie&s  on  rough  and  finooth    bo- 
dies, when  excited,  have  been  previpufly  noticed*, 
The  Franklinean  theory  is,  if  a  rough  and  finooth 
foody  are  rubbed  together,  the  finooth  body  will  ge- 
nerally be  electrified  plus,  and  that  wkh  a  rough 
uneven  furface,  minus.     Thus,  in  the  ordinary  ope- 
ration of  the  common  machine,  the  cylinder  is  po~ 
fitively  dedtrified,  or  plus,  and  the  rubber  negative, 
os  nanus-     The  redundance  of  the  pofitive  electri- 
city is  fent  from  the  cylinder  to  the  prime  conduc- 
tor, and  may  be  communicated  from  it  to  any 
condu&ing  body.     If,  however,  the  prime  conduc- 
tor, is  made  to  communicate  with  the  earth,  which 
has  a  great  attraction  for  the  electrical  matter  (and 
whiehj  being  one  great  mafs  of  conducing  fub- 
ftances,  wiH  not  permit  the  accumulation  of  the  fluid 
in  a  particular  part)  and  if  at  the  fame  time  die" 
rubber  is  in  an  infulated  ftate,  fupported  for  in-* 
ftance  by  glafs  or  any  ele&ric,  thefe  effedts  will  be 
reverfed,  for  the  prime  conductor  will  then  be  ne- 
gatively eledtrified,  and  the  rubber  will  be  plus  or 
pofitive. 

This  theory  is,  it  muft  be  confeffed,  not  without 
its  difficulties,  and  it  is  much  to  be  feared,  that  we 
have  as  yet  no  complete  theory  of  electricity.  Thg 
fa£fc  moft  difficult  to  be  explained  on  the  Frankly 
ncan  fyftem  is,  that  of  two  bodies  negatively  elec- 
trified repelling  each  other,  for  if  the  repulfion  irj 
the  cafe  of  pofitive  ele£ricity  is  caufed  entirely,  4$ 
there  is  reafon  to  vbelieve  it  is,  by  the  eledtric  mat- 
ter, how  flioald  a  deficiency  of  that  matter  produce 
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the  fame  efie&  ?  Attempts  have  been  made  to  ex- 
plain the  fad  by  having  reoourie  to  the  de&rirityr 
of  the  air,  which  (when  not  charged  with  rrraifturc) 
is  certainly  an  ele&ric  or  non-condu&ing  fuhftance, 
and  in  all  cafes  is  an  imperfeft  cle&ric  The  cork 
balls,  or  other  light  fubftances,  which  are  de&rified 
negatively,  are  therefore  fuppofed  to  be  afted  upon 
by  the  pofitive  ^kftricity  of  the  air,  which  produces 
an  effeft  adequate  to  their  being  pofitively  eleftri- 
fied.  This  folution,  however,  is  not  quite  fatisfac- 
tory ;  though  it  is  perhaps  unphilofophical  to  reject 
an  hypothcfis,  which  explains  fome  fa£b  greatly  to 
our  fatisfa&ion,  merely  becaufe  it  has  not  as  yet 
explained  every  thing. 

Dr.  Franklin  fuppofed  that  die  eledhic  fluid  is 
colle&ed  from  the  earth,  and  this  hypothecs  he 
fapported  by  the  following  experiments. 

Let  one  perfon  fUnd  on  wax  (or  be  infiikted) 
and  rub  a  glafs  tube,  and  let  another  perfon  on  wax 
take  the  fire  from  the  firft,  they  will  both  of  them 
(provided  they  do  not  touch  each  other)  appear  to 
be  ele&rified  to  a  perfon  ftanding  on  the  floor;  that 
is,  he  will  perceive  a  fpark  on  approaching  either  of 
them  with  his  knuckle  or  finger ;  but  if  they  touch 
each  other  during  the  excitation  of  the  tube,  net- 
ther  of  them  will  appear  to  be  ele&rified.  If  they 
touch  one  another  after  exciting  the  tube,  and  draw 
the  fire  as  before,  there  will  be  a  ftronger  fpark  be- 
tween them  than  was  between  either  of  them  and 
the  perfon  on  the  floor.  After  fuch  a  ftrong  fpark 
neidier  of  them  difcover  any  elefiricity. 

He 
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He  accounts  for  thcfe  appearances  by  fuppofiug 
the  ele&ric  fluid  to  be  a  common  element,  of  which 
each  of  the  three  perfons  has  his  equal  (hare  before 
any  operation  is  begun  with  the  tube. 

A>  who  (lands  upon  wax  and  rubs  the  tube,  col- 
le&s  the  ele&rical  fire  from  himfelf  into  the  glafs, 
and  his  communication  with  the  common  flock  be- 
ing  cut  off  by  the  wax,  his  body  is  not  again  im- 
mediately fupplied. 

B,  who  alfo  (lands  upon  wax,  palling  his  knuckle 
along  the  tube,  receives  the  fire  which  was  f  olle&ed 
from  A,  and  being  infulated,  he  retains  this  addi- 
tional quantity.. 

To  the  third  pcrfon,  who  .  (lands  upon  the.  floor, 
both  appear  eledlrified ;  for  he,  having  only  the 
middle  quantity  pf  elettrical  fire,  receives  a  (park 
on  approaching  B,  who  has  an  over  quantity,  but 
gives  one  to  A,  who  has  an  under  quantity. 

If  A  and  B  approach  to  .touch  each  other,  the 
fpark  is  ftronger,  becaufe  the  difference  between 
them  is  greater.  After  this  touch  there  is  no  fpark 
between  either  of  them  and  C,  becaufe  the  eleftrical 
fluid  in  all  is  reduced  to  the  original  equality.  If 
they  touch  while  ele<?rifying,  the  equality  is  never 
deftroyed,  the  fire  is  only  circulating ;  hence  we  fay 
that  B  is  ele&rified  pofitively,  A  negatively  *. 

•  Mr.  Adams  on  Ele&ricity,  p.  43. 
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THE  LEYDEN  PHIAL,  ELECTRICAL  BAT. 
TERY,  AND  OTHER  PARTS  OP  THE  AP. 
PARATUS. 

theory  of  the  Ley  den  Phial*— Its  Ufe  in  Ekfiricity.—Defcription 
of  the  beft  Apparatus  of  this  Kind.—(Tbe  Charge  refidee  in  the 
Glafs.— Curious  Experiments  with  the  Leyden  Phial.— EleBrical 
Battery  .—Inftritdions  relative  to  it.— Experiments  <witb  tb$ 
eledrical  Battery.— Eleclrical  Bells.— Elettrophor us.— Eltftr 0- 
meter. 

IN  order  to  underftand  properly  the  nature  of 
what  is  called  the  Leyden  phial,  or  ele&rical  jar, 
it  will  be  neceffary  to  revert  to  what  has  been  faid 
both  in  the  introduction  and  in  the  preceding  chap- 
ter on  pofitive  and  negative  eleftricity.  If  a  piece 
of  glafs  is  coated  with  any  conducing  fubftance,  it 
may  be  made  to  accumulate  the  eleftrical  matter  to 
a  furprifing  degree.  In  this  cafe  one  fide  of  the 
glafs,  if  it  does  not  exceed  a  given  thicknefs,  will  be 
pofitively  electrified,  and  the  other  negatively.  The 
form  of  the  glafs  "is  of  no  confequence  in  this  expe- 
riment i  it  may  be  either  flat,  cylindrical,  or  other- 
wife. 

The  objeft  of  the  philofopher  being,  therefore,  on 
many  occafions,  to  collect  a  large  quantity  of  elec- 
tricity, by  means  of  the  furfaces  of  ele&rics,  and, 

as 
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as  flat  plates  are  neither  neceflary  nor  convenient 
for  this  purpofe*  he  accommodates  himfelf  with  a 
fufficient  number  of  prepared  jars.  Thefe  arc  made 
of  various  fhapes  and  magnitudes,  but  the  mofl: 
ufefol  are  thin  cylindrical  glafs  veffels,  about  four 
inches  in  diameter,  and  fourteen  in  height,  coated 
within  and  without  (except  about  two  inches  from 
the  top)  with  tinfoil,  or  any  fcther  conducting  fiib- 
ftance. 

If  one  fide  of  this  jar  is.  ele&rified,  while  the 
other  fide  communicates  with  the  earth,  it  is  (aid  to 
be  charged. 

When  a  communication  is  formed  from  one  fide 
of  the  jar  to  the  other  by  a  conducing  fubftance, 
after  it  has  been  charged,  an  explofion  will  take 
place,  and  this  is  called  difcharging  the  jar.  This 
phial  is  incapable  of  being  charged  when  it  is  infu- 
lated ;  that  is,  when  neither  fide  communicates  with 
the  earth.  When  it  is  charged,  the  two  fides  are 
in  contrary  ftates,  the  one  being  pofitively,  die 
other  negatively  eleftrified. 

Ajar  is.faid  to  be  pofitively  ele&rified  when  the 
infide  receives  the  fluid  from  the  conduftor,  and  the 
outfide  is  cohnefted  with  the  earth.  It  is  negatively 
cle£trified  when  the  outfide  receives  the  fluid  from 
the  condu&or,  and  the  infide  communicates  with 
the  earth  j  but  it  is  neceffary  that  the  jar  charging 
negatively  lhould  be  infulated,  becaufe  the  fluid  is, 
in  the  firft  inftance,  conveyed  to  the  coating,  and 
would  be  immediately  carried  to  the  earth  if  it  was 
Hot  infulated. 

The 
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The  ihoft  ufual  forms  of  the  Leydcn  phial  art  re* 
presented  in  Fig.  3.  and  5.  Plate  XVII.  and  its 
nature  may  be  exemplified  by  the  following  experi- 
ment: 

Place  the  phial  (Fig.  j.)  on  an  infulated  ftand $ 
bring  the  coating  in  contaft  with  the  Conduftor; 
turn  the  machine  (lowly,  and  after  a  few  turns  < 
remove  the  phial  from  the  condu&or ;  then  form 
a  communication  between  the  outfide  and  the 
infide  of  the  phial,  by  placing  one  end  of  the 
difcharging  rod  firft  upon  the  costing,  and  then 
bringing  the  other  end  of  the  rod  to  the  braft 
ball  of  the  bottle  j  in  this  cafe  there  will  be  no 
expiation*  becaufe,  both  fides  being  infulated,  the 
bottle  was  not  charged  j  but  if  a  chain  is  fufpended 
from  the  brafs  ball  of  the  phial  to  the  table,  and 
the  coating  brought  in  contadt  with  the  conductor, 
altera  few  turns  of  the  machine  remove  the  phial 
as  before;  then  if  the  difcharger  is  applied,  an  ex- 
plofion  will  be  heard,  and  the  bottle  will  be  dis- 
charged *  becaufe,  in  this  cafe,  the  inflation  of  the 
infide  is  deftroyed  by  the  chain,  and 'the  phi^l 
becomes  capable  of  receiving  a  charge. 

That  the  charge  of  a  coated  jar  refides  in  the 
glafs,  and  not  in  the  coating,  is  proved  in  the  fot* 
lowing  manner:  place  a  plate  of  glafs  between  two 
metallic  plates,  about  two  inches  in  diameter,  finaller 
than  the  plate  of  glafs  \  charge  the  plate  of  glaft, 
and  then  remove  the  upper  nrtetallic  plate  by  an 
infulated  handle;  take  up  the  glafc  plate,  and 
place  it  between  two  other  plates  of  metal  uneko^ 
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trifled  and  infulatcd,  and  the  plate  of  glafs  thus 
coated  afrefh  will  (liU  be  charged.  The  following 
experiments  are  further  illuftrative  of  the  nature  of 
the  Leyden  phial. 

A  cork  ball,  or  an  artificial  fpider  made  of  burnt 
cork,  with  legs  of  linen  thread,  fufpended  by  filk, 
will  play  between  the  knobs  of  two  bottles,  one  of 
which  is  charged  pofirively,  the  other  negatively, 
and  will  in  a  little  time  difcharge  them. 

A  ball  fufpended  on  (ilk,  and  placed  between  two 
brafs  balls,  one  proceeding  from  the  outfide,  the 
other  from  the  infide  of  a  Leyden  jar,  wlicn  the 
bottle  is  charged,  will  fly  from  one  knob  to.  die 
other,  and  by  thus  conveying  the  fire  from  the 
infide  to  the  outfide  of  the  bottle  will  foon  difl 
charge  it. 

An  infulated  cork  ball,  after  having  received  a 
fpark,  will  not  play  between,  but  be  equally  repelled 
by  two  bottles,  which  are  charged  with  the  fame 
power. 

A  wire  is  fometimes  fixed  to  the  under  part 
of  the  infulated  coated  phial  (Fig.  5.)  zndic  Is 
another  wire  fitted  to,  and  at  right  angles  with 
the  former}  a  brafs  fly  (Fig.  4.)  is  placed  on 
the  point  of  this  wire  j  charge  thp  bottle,  and  all 
the  time  the  bottle  is  charging  the  fly  will  turn 
round;  when  it  is  charged  the  needle  will  flop. 
Jfthe  top  of  the  botde  is  touched  with  the  finger, 
or  any  other  conducing  fubftance,  the  fly  will  turn 
again  till  the  bottle  is  difcharged.  The  fly  will 
fcle&rifr  a  pair  of  balls  pofitively  while  the  bottle 
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is  charging,  and  negatively,  when  it  is  difcharg- 

When  a  Leyden  phial  pofitively  charged  is  in* 
filiated,  it  will  give  a  fpark  from  its  knob  to  an  ex- 
.  cited  Hick  of  wax,  but  not  a  fpark  will  pafs  at  chat 
time  between  it  and  an  excited  glafs  tube. 

An  additional  quantity  of  the  fluid  may  be  thrown 
on  one  fide  of  the  jar,  if  by  any  contrivance  an 
equal  quantity  may  be  made  to  efcape  from  the 
other,  and  not  other  wife. 

Eleftricians,  in  order  to  increaft  the  force  of  the 
eleftric  explofion,  connect  feveral  Leyden s  phials 
together  in  a  box ;  and  this  colle&ion  they  call  an 
ele&rical  battery. 

In  this  apparatus  the  bottom  of  the  box  (Plate 
XVII.  Fig.  a.)  is  covered  with  tin-foil,  to  connedt 
the  exterior  coatings ;  the  infide  coatings  of  the  jars 
are  connefted  by  the  wires  a,  b>  r,  d,  e,f,  which  meet 
in  the  large  tall  A ;  C  is  a  hook  at  the  bottom  of  the 
box,  by  which  any  fubftance  may  be  connefted  with 
the  outfide  coating  of  the  jars*  a  ball,  B,  proceeds 
from  the  infide,  by  which  the  circuit  may  be  con* 
veniently  completed.  Mr.  Adams  gives  the  fol- 
lowing precautions  to  thofe  who  make  ufe%  of  ah 
ele&rical  battery  f. 

The  top  and  uncoated  part  of  the  jar  fhould  be 
kept  dry  and  free  from  duftj  and  after  the  explo- 
fion has  taken  place,  a  wire  from  the  hook  is»  to 
be  conne&ed  to  the  ball,  and  left  there  till  the  bat- 


*  Mr.  Adams's  Eflay  on  ElfcA.  p.  131. 
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tery  is  to  be  charged  again,  by  which  mc*ns  the 
inconveniences  arifmg  from  the  frequent  refidirarn 
of  a  charge  will  be  obviated. 

Every  broken  jar  in  a  battery  muft  be  taken 
away,  before  it  is  poffible  to  charge  the  reft. 

It  has  been  recommended,  not  to  difcharge  a 
battery  through  a  good  condu^or,  if  the  circuit  is 
not  at  lead  five  feet  long;  but  k  muft  be  obftrved, 
that  in  proportion  to  the  lengthening  of  the  circuit 
die  force  of  the  (hock  will  be  leflened. 

Jars  made  of  the  green  glafs,  manufactured  at 
Newcaftle,  are  (aid  to  endure  an  explofion  without  a 
probability  of  breaking. 

If  the  fpark  from  the  cxplofion  is  concentrated, 
by  caufing  it  to  paft  through  fmall  circuits  of  non- 
condufting  fiibftances,  the  force  of  the  battery  will 
be  confiderably  increafed.  For  this  purpofe,  caufe 
the  fpark  to  pafs  through  a  hole  u\  a  plate  of  glafs 
one  twelfth  or  one-fixth  of.an  inch  diameter,  by 
whith  means  it  will  be  more  compaft  and  powerful. 
By  wetting  the  part  round  the  hole,  the  fpark,  by 
converting  this  into  vapour,  may  be  conveyed  to  a 
greater  diftance,  with  an  increafe  of  rapidity,  attend  • 
ed  with  a  louder  noife  than  common.  Mr.  Morgan, 
by  attending  to  thefe  and  fome  other  circumftances, 
has  melted  wires,  &c.  by  the  means  of  fmall  bottles. 

If  the  charge  of  a  ftrong  battery  is  pafled  through 

two  or  three  inches  of  fmall  wire,  the  latter  will 

fometimes  appear  red   hot,    firft  at   the  pofirivc 

fide;  axxd  the  rednefs  will  proceed  towards  the  other 

end. 

If 
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If  a  battery  is  discharged  through  a  fmall  fteel 
needle,  it  will,  if  the  charge  is  ftrong,  communis 
cate  magnetifm  to  the  heedle. 

If  the  difcharge  of  a  battery  pafles  through  a 
fmall  magnetic  needle,  it  will  deftroy  the  polarity  of 
the  needle,  and  fbmetimes  invert  the  poles;  but  it 
is  often  neceffary  to  repeat  this  feveraj  times* 

Dr.  Prieftley  could  melt  nine  inches  of  fmall  iron 
wire  at  the  diftance  of  fifteen  feet,  but  at  the  dif- 
tance  of  twenty  feet  he  could  only  make  fix  inches 
of  it  red  hot,  Co  that  we  may  infer  from  this,  that 
notwithftanding  their  conducting  power,  ftill  metals 
refift  in  forhe  degree  the  paflage  of  the  eleCtric 
fluid,  and  therefore  in  eftirnating  the  conducting 
powers  of  different  fubftances,  their  length  muft 
not  be  forgotten.. 

If  a  flender  wire  is  inclofcd  in  a  glafs  tube,  and  a 
battery  difcharged  through  this  wire,  it  will  be 
thrown  into  globules  of  different  fizes,  which  may 
be  collected  from  the  inner  furface  of  the  tube; 
they  are  often  hollow,  and  little  more  than  the  fcori? 
or  drofs  of  the  metal. 

Dr.  Watfon  and  fome  other  gentlemen  made 
feveral  curious  experiments  to  afcertain  the  diftance 
to  which  the  eleCtric  fhock  might  bis  conveyed, 
and  the  velocity  of  its  motion,  which  were  briefly 
noticed  in  the  firft  chapter.  In  the  firft  experi- 
ment, the  fhock  was  given,  and.  fpirits  fired  by  the 
eleCtric  matter  which  had  been  conveyed  through 
the  river  Thames.  In  another  experiment,  the 
(leCtric  fluid  w&s  made  to  pafs  through  a  circuit  of 
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two  miles,  croffing .the  New  River  twice,  going  over 
feveral  gravel  pits  and  a  large  field,  and  afterwards 
conveyed  through  a  circuit  of  four  miles.  This 
motion  was  fo  inftantaneoufly  performed  by  die 
ele&ric  fluid,  that  an  obferver,  in  the  middle  of  a 
circuit  of  two  miles,  felt  himfelf  (hocked  at  the 
♦  fame  inftant  that  he  faw  the  phial  difcharged, 

Notwithftanding  this  furprifing  velocity,  it  is 
certain,  however,  that  both  fides  of  a  charged  phial 
may  be  touched  fo  quickly,  even  by  the  beft  con- 
du&ors,  that  all  the  eleftric  fluid  has  not  time  to 
make  the  circuit,  and  the  phial  will  remain  but 
half  difcharged  j  and  there  are  feveral  inftances  where 
the  motion  appears  flow,  and  not  eafily  reconcileablc 
with  the  amazing  velocity  we  have  obferved  in  the 
inftance  above :  indeed  it  is  certain,  that  this  fluid  is 
refilled  in  fome  degree  in  its  paffage  through  or  over 
tvety  fubftance. 

There  is  another  part  of  an  eleftrical  apparatus, 
originally  of  German  invention,  which,  before  die 
conclufion  of  that  which  may  be  called  the  me- 
chanical part  of  eleftricity,  it  will  be  proper  to 
notice.   It  is  chiefly  illuftrative  of  the  eleftrical  attrac- 
tion.    This  apparatus  confifls  of  three  fmall  bells, 
fufptnded  from  a  narrow  plate  of  metal  j  the  twq 
outermoft  by  chains,  and  that  in  the  middle,  from 
which  a  chain  pafih  to  the  floor,  by  a  filken  firing, 
"Two  fmall  knobs  of  brafs  are  alfo  hung,  by  filken 
firings,   on   each   fide  of  the   bell  in  the  middle, 
which  ftrve  for  clappers.     When  this  apparatus  is 
conne&ed  with  an  eledlrified  conduftor,  the  outcr- 
*  '  -  moft 
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• 
moft  bells,  fulpended  by  the  chains;  will  be  charged, 

at  trad  the  clappers,  and  be  (truck  by  them.     The 
clappers,  becoming  electrified  likewife,  will  be  re- 
pelled by  thefe  bells,  and  attracted  by  the  middle 
bell,    and  will  difcharge  themfelves    upon   it  by 
means  of.  the  chain  extending  to  the  floor.     After 
this  they  will  be  again  attracted  by  the  outermoft. 
bells,  and  thus,  by  ftriking  the  bells  alternately, 
occafion  a  ringing,  which  may  be  continued  at 
pleafure.     Flalhes  of  light  will  alfo  be  feen  in  the 
dark  between  the  bells  and  the  clappers;  and  if  the 
electricity  t  is  ftrong,  the  difcharge  will  be  made 
without   aCtual    contact,    and    the    ringing    will 
ccafe. 

If  an  apparatus  of  this  kind  is  joined  to  one  of 
thofe  conducting  rods,  ereCled  to  proteft  build- 
ings from  the  effects  of  lightning,  it  will  Jerve  to 
give  notice  of  the  approach  and  paflage  of  an  elec- 
trical cloud. 

It  is  remarkable,  that  in  certain  cafes  bodies 
eledfcrified  will  retain  their  eleCtric  power  for  almoft 
any  length  of  time,  and  on  this  principle  a  very 
ingenious,  inftrument  has  been  conftruCtcd,  called 
an  eleCtrophorus.  This  machine  confifts  merely 
qf  a-  mafs  of  refinous  matter,  contained  in  a  box 
for  the  convenience  of  carriage,  and  a  plate  of  me- 
tal fitted  to  communicate  with  it,  which  is  lifted 
by  a  handle  of  glafs,  or  fome  non- conducting  fub- 
ftance.  The  refinous  mafs  being  rubbed  with  a 
flannel,  or  even  with  the  hand,  and  the  plate  of 
.metal  being  applied  to  it,  the  metal  will  become 

Y  4  charged, 
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charged,  and  give  put  fparks  very  freely  to  any 
conducing  body;  and  this  property  of  communi- 
cating ele&jricky  the  rcfinous  mafs  will  retain  for 
a  length  of  time,  without  any  frefh  application  what- 
ever. 

To  explain  thefe  phenomena  it  wtU  be  again 
neceflary  to  recur  to  what  has  been  faid  concerning 
negative  and  pofitive  ele&ricity  $  it  will  be  ncocf- 
fary  alfo  to  recoiled,  that  the  negative  eleftrickjr 
was  originally  termed  the  ruinous,  becaufe  it  was 
at  firft  thought  to  be  peculiar  to  thofe  fubfianccs. 
In  the  ele&rophorus,  therefore,  the  lower  plate,  or 
refinous  mafs,  being  negatively  ele&rified,  the  matter 
is  takep  from  the  metal  plate,  and  this  becoming 
alio  negatively  eleftrified,  die  fluid  13  attracted  from 
any  body  which  is  prefentcd  to  it. 

Several  inftruments  have  been  invented  for  mea- 
furing  the  quantity  of  eleftricity  contained  in  any 
body.  Thefe  generally  are  formed  upon  the  prin- 
ciple of  the  electric  attradHon,  and  confift  of  a 
fmall  pith  ball,  or  other  light  body,  fufpended  on 
a  moveable  arm,  with  a  kind  of  femi-dial  to  mark 
the  degrees.  Mf.  Adams  recommends  Mr.  Hen- 
ley's quadrant  eleftrometer  for  this  purpofe, 
which  he  defcribes  as  follows :  "  It  confifts  (Fig. 
3.  Plate  XVI.)  of  a  perpendicular  ftem  formed 
at  top  like  a  ball,  and  furniihed  at  its  lower  end  with 
a  brafs  ferrule  and  pin,  by  which  it  may  be  fixed  in 
one  of  the  holes  of  the  conductor,  as  at  Fig.  4.  or  at 
the  top  of  a  Leyden  botde.  To  the  upper  part 
of  the  ftem,  a  graduated  ivory  femicircle  is  fixed* 
1  about 
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about  the  middle  of  which  is  a  brafi  arm  or 
cock,  to  fupport  the  axis  of  the  index.  The  in- 
dex confifts  of  a  very  flender  flick,  which  reaches 
from  the  center  of  the  graduated  arch  to  the  brafs 
ferrule ;  and  to  it's  lower  extremity  is  fattened  a  fmali 
pith  baB»  nicely  turned  in  the  lathe.  When  this 
ele&rometer  is  in  a  perpendicular  pofition,  and  not 
gle&rifiedj  the  index  hangs  parallel  to  the  pillar ; 
but  when  it  is  ele&rified,  the  index  recedes  more  or 
Jpfs,  according  to  the  quantity  of  eleftricfy,'* 
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GENERAL   EFFECTS,  OF  ELECTRICITY- 

< 

Phenomena  of  AttraBion  andRepu!fion.—Elet7rrcaIAtmq#kert.—« 
Different  Effeds  on  different  Sukftances.—Ele3rical  Cahtfm-— 
Experiments  on  Silk  $tockings.i—On  the  Evaporation  of  Fluids* 
—Vegetation* — Animal  Perfpirai ion.— Inflammation  of  Spirits.— 
Animals  killed  by  Electricity  .—Curious  Phenomena  in  *uacwo,— 
Recapitulation  of  Principles, 

TH  E  various  phenomena  of  ele&ricity  may, 
for  the  fake  of  perfpicufty,  be  divided  into 
two  claffes  \  the  firft  of  which  may  be  included  un- 
der the  general  head  of  attraction  and  repulfion ; 
find  under  the  fecond  may  be  ranged  all  thofe  phe- 
nomena which  are  accompanied  with  the  luminous 
appearances,  and  that  efieft  on  the  animal  frame 
which  is  termed  the  eleftrical  (hock.  Though 
fome  of  thefe  may  appear  at  firft  to  have  very  little 
analogy  with  the  former  clafs,  yet  we  fhaU  have 
frequent  opportunities*  of  inferring,  that  they  are 
only  neceflary  effe&s  from  one  common  caufe,  and 
rather  differ  in  their  circumftances  thai)  in  their  na- 
ture. The  atmofpherical  phenomena  will  demand 
a  diftindt  chapter. 

It  follows,  from  what  has  been  already  ftated,  that 
$yery  body  ele&rified,  whether  by  fri&ion,  or  by 

communication $ 
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communication  j  whether  by  the  mearts  of  glafs,  or 
atiy  refinous  fubft&nce ;  is  furrounded  by  a  kind  of 
atmofphere  of  that  fluid  which  is  called  the  eleftrical 
matter. 

The  proof  on  which  this  hypothefis  refts  is,  that 
light  bodies  are  a&ually  lifted  up,  and  carried  to  or 
from  the  eleftrified  body,  which,  the  fupporters  of 
this  theory  alledge,  could  only  be  effe&ed  by  their 
being  enveloped  in  fome  fluid  medium.  Thus, 
when  the  hairs  on  the  head  of  a  perfon  ele&rified 
{land  ereft,  or  the  fibres  of  a  foft  feather  fpread  out, 
as  if  to  meet  or  recede  from  the  conduftor,  accord- 
ing to  circumftances,  every  particular  hair  or  fibre 
is  fuppofed  to  »be  furrounded  with  an  ele&rical  at- 
mofphere. 

It  is  demonftrated  by  Earl  Stanhope,  in  his  inge- 
nious treatife  on  ele&ricity,  that  the  denfity  of  the 
ele&rical  atmofphere  diminifties  exaftly  in  propor- 
tion to  the  fquares  of  its  diftance  from  the  center 
of  the  eleftrified  body. 

Thofe  attractions  and  repulfions,  which  we  have 
feen  take  place  when  light  bodies  are  brought  near 
to  fle&rified  fubftances,- are,  agreeably  to  the  notions 
of  fome  philofophers,  caufed  by  two  currents  of  the 
eleftric  fluid ;  the  current  which  departs  from  the 
bodies  brought  near  to  the  ele&rified  fubftance 
caufes  thofe  bodies  to  appear  to  be  attradted,  and 
the  current  which  departs  from  the  ele&rified  fub- 
ftance repels  them :  thefe  two  effe6ts  taking  place 
in  the  fame  inftant,  we  may  infer  that  thefe  two 
currents  are  fimultaneous, 

A  body 
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A  body  repelled  by  an  electrified  fubftance  wifl 
be  attracted  by  this  fubftance  as  foon  as  it  has 
touched  any  non-deftric  body. 

An  ele&rified  fubftance,  if  it  is  left  free  to  more, 
is  attra&ed  by  a  non-ele&ric  body  not  electrified. 
Thus  a  fmall  thin  plate  of  metal,  electrified  and 
fufpended  by  a  thread  of  fdk,  is  attracted  either  by 
a  man's  hand,  a  piece  of  green  wood,  or  by  a  metal 
rod  prefented  to  it. 

All  fubftances  are  not  attracted  with  equal  force 
by  electrified  bodies ;  in  general  thofe,  which  are  in 
their  texture  the  denfeft  and  moil  compaCt,  are  more 
readily  attracted  and  repelled,  and  are  fobjeCl  to 
the  influence  of  eleCtricity  at  a  greater  diftance 
than  thofe  which  are  loofer  and  more  porous  in 
their  confidence.   A  ribband  or  thread,  when  waxed 
or  gummed,  becomes  more  fubjeCl  to  this  attrac- 
tion and  repulfion  than  it  was  in  its  original  ftate. 
Of  all  fubftances,  gpld  leaf  appears  the  moil  eafily 
affeCted  by  eleCtrical  attraction. 

EleCtrified  bodies  adhere  fo  clofcly  together,  that 
the  circumftance  has  given  occafion  to  a  new  tertfi 
in  philofophy,  and  it  has  been  called  the  eleftrical 
tchefion.      This  foCt  was  pleafandy  illuftrated  by 
forrse  experiments  on  filk  ftockings,  communicated 
to  the  Royal  Society  by  Mr.  Robert  Symner  a  few 
years  agor     Two  filk  ftockings,  the  one  black  and 
the  other  white,  had  been  for  ibme  time  upon  one 
Jeg,  and  were  then  rubbed  with  the  hand,  and  both    . 
pulled  off  together ;  it  appears  that  in  this  cafe  the 
pvo  (lockings  will  adhere  together  in  fuel}  a  manner 
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as  to  require  a  confiderable  force  to  feparate  them. 

M.  Briffon,  who  repeated  the  experiment,  obferves, 

that:  after  he  had  feparated  the  white  from  the 

black  flocking  another  phenomenon  occurred  j  for 

while  he  held  them,  one  in  each  hand*  fufpended  in 

the  air,  they  fwelled  and  puffed  up  as  wide  as  if  the 

kg  had  remained  in  them;  when  they  were  brought 

within  ten  or  twelve  inches  of  each  other,  they 

rufhed  precipitately  upon  one  another,  and  adhered 

forcibly  together;  but  this  adhefion  was  not  fo 

great  as  that  which  took  place  while  the  flocking* 

were  one  within  the  other.     Mr.  Symner  fuppofed, 

that  the  fuccefs  of  this  experiment  depended  upon 

the  contrail  between  the  black  and  white  colour ; 

but  M.  Briflbn  proves  this  hypothefis  to  be  without 

foundation,  having  made  the  experiment  by  fub. 

ftituting  for  the  black  flocking  another  of  a  different 

colour,  and  even  a  white  one ;  but  he  confefles,  that 

when  the  experiment  was  made  with  two  white 

filk  ftockings  the  effedls  were  weak. 

Eledrical  attraction  appears  not  to  be  equally 
ftrong  in  vacuo  as  in  the  open  air.  From  fevcral 
experiments  of  Beccaria's  we  learn,  that  if  the  air  is 
thoroughly  exhausted  out  of  a  glafs  receiver,  the 
attraction  and  repulfion  of  eledrified  light  bodies  . 
within  the  receiver  becomes  languid,  and  foon 
ceafes  altogether. 

Ele&ricity  augments  the  natural  evaporation  of 
fluids,  and  elpecially  of  thofe  fluids  which  are  molt 
fubjedt  to  evaporation  of  themfelves;  and  it  has 
alio  a  great  effeft  on  fluids,  when  the  veflels  contain- 
ing 


r 


334  £ffe£l$  of  EleRHdty  6n        [Book  IV, 

ing  them  arc  nort-ekcftrics.  If  a  humid  body,  z 
fponge  for  inftance,  is  placed  upon  a  conductor  po- 
fitively  cle&rified,  the  evaporation  ^ill  go  on  much 
more  rapidly,  and  it  will  be  much  fooncr  dry,  than 
a  iimilar  body  differently  circumftanced. 

Dr.  Prieftley  alfo  gives  us  reafon  to  fuppofe,  that 
plants,  when  electrified,  vegetate  earlier  aiid  more 
vigoroufly  than  thofc  which  have  not  been  fubjefted 
to  this  influence. 

That  ele&ricity  incrcafes  the  infenfible  perfora- 
tion of  animals  may  be  inferred  from  the  circum- 
ftance  that  ele&rified  animals  are  always  lighter  than 
thofe  which  are  not. 

The  dream  of  ele&rical  fluid  has  no  fenfible  heat, 
but  even  appears  cold  to  the  touch ;  yet  we  have 
feen  that  the  more  inflammable  bodies,  and  particu- 
larly fpirit  of  wine,  may  be  ignited  by  it.  This  ex- 
periment may  be  eafily  made  by  a  fpark  from  a 
common  machine.  Let  a  perfon  in  filiated,  and  com- 
municating with  a  charged  conductor,  hold  in  his 
hand  a  quantity  of  rectified  fpirit  in  a  metal  fpoon. 
If  the  fpirit  has  been  a  litde  warmed  over  a  candle 
previoufly,  the  experiment  will  be  more  certain  to 
fucceed.  Let  another  perfon  then,  not  infulated* 
but  cpmmunicating  with  the  floor,  prefent  his  finger 
to  the  fpirit,  a  fpark  will  immediately  pals  between 
the  fpoon  and  the  finger,  and  the  fpirit  will  be  in- 
flamed. This  phenomena  might  pafs  for  an  exer- 
tion of  magic  in  an  ignorant  country,  or  an  igno- 
rant age. 

By 
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By  a  fmart  fhock  of  ele&ricity  from  a  changed 
phial,  or  a  battery,  (mall  animals  may  be  killed  • 
but  I  have  not  tinderftood  that  human  art  has  yet 
been  able  to  conftrud  a  battery  large  enough  to 
kill  an  animal  above  the  fize  of  a  fheep  or  a  dog. 
The  immediate  or  proximate  caufe  of  the  death  of 
animals  by  eledtricity,  or  by  lightning,  which  is  na- 
tural eledtricity,  has  not  yet  been  afcertainecL  Ic 
was  once  fuppofed  that  the  living  principle  was  ex- 
tinguifhed  by  the  burfting  of  fome  blood  veflel, 
from  the  violence  of  tfie  fhock;  but  a  dog,  which 
was  killed  by  lightning,  was  carefully  difle&ed,  and 
none  of  the  veffels  found  in  the  leaft  injured.  Bec- 
caria  recovered  fome  perfons  apparently  ftruck 
dead  by  lightning;  and  when  queftioned  with  re- 
fpeft  to  the  pain  or  fuffering  which  they  enduredf 
they  only  complained  of  an  unulual  numbnefs  or 
wearinefs  in  their  limbs.  The  flelh  of  animals 
killed  bjr  eleftricity  is  rendered  extremely  tender, 
and  is  recommended  by  Dr.  Franklifl  as  an  article 
of  luxury.  It  will  alfo  putrify  in  a  much  fhorter 
time  than  the  flefh  of  thofe  which  are  killed  in  any 
ordinary  way. 

The  luminous  effetts  of  ele&ricity  are  riot  pre- 
cifcly  the  fame  in  vacuo  as  in  the  open  air ;  and 
indeed"  a  very  curious  phenomenon  has  been  pro-? 
duced  by  injefting  the  elettric  light- in  a  vacuum^ 

If  a  wire  with  a  round  end  is  faftened  in  an  ex- 
haufted  receiver,  and  prefented  to  a  conductor  of 
an  eleftrical  machine,  every  fpark  will  pafs  through 
the  vacuum  in  a  broad  Aream1  of  light,  vifible  the 

whole 
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whole  length  of  the  receiver,  moving  with  regu- 
larity (unlefs  it  is  turned  back  by  fome  non-cleCkric) 
and  then  dividing  itfelf  into  a  variety  of  beautiful 
rivulets,  which  are  continually  feparating  and  unit- 
ing in  a  plcafing  manner.  When  the  veflel  it 
grafped  by  the  hand,  a  pulfation  is  perceived  like 
that  of  an  artery,  and  the  fire  inclines  towards  die 
hand.  A  fmall  quantity  of  air  is,  however,  neccflaiy 
to  occafioo  the  greateft  luminous  efFeCt. 

The  following  is  a  recapitulation  of  what  M» 
Briffon  confiders  as  fundamental  principles,  coo* 
firmed,  he  fays,  by  his  own  experiments,  fecooded 
Jjy  thofe  of  other  philofophers  *. 

The  eleCtric,  fluid  is  the  fame  in  effence  with  that 
of  light  and  heat,  but  combined  with  a  fubftaoce 
which  affefts  the  organ ;  of  fcent. 

When  bodies  are  electrified  by  glafs,  they  furnifli 
tufts  or  pencils  of  light ;  but  if  electrified  j>y  ful- 
phur  or  refinous  fubftances,  they  only  produce  points 
or  fparks  of  light ;  bodies  prefented  to  thofe  elec* 
trifled  by  glafs  produce  only  luminous  points* 
while  thofe  which  are  prefented  to  bodies  which  are 
ck&rified  by  fulphur  produce  beautiful  pencils  or 
tufts  of  light. 

To  eleCtrify  bodies  by  communication,  it  is  ne^ 
cefiary  to  infulate  them  j  the  fubftances  die  mod: 
proper  for  this  purpofe  are  thofe  which  ele&riiy  the 

beft  by  fri£tion. 

Glafs,  though  it  electrifies  very  well  by  friction* 
electrifies  alfo  by  communication,  even  without  any 

•  Traitc  Element,  dc  Phyf.  Tom.  iii.  p.  435. 
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preliminary  preparation  j  yet  it  is  very  ptoper  to 
infulate; 

Eleftrica)  phenomena  are  not  produced  entirely 
from  the  bodies  upon  which  the  electrifying  ma- 
chine ads ;  the  adjacent  bodies  or  fubftarices  con- 
tribute  towards  their  prodiiftiori. 

The  energy  of  the  eledtric  virtue  is  augmented; 
in  condii&ors,  more  by  an  increase  of  ftirface*  thaii 
by  an  augmeiitatioh  of  the  mafs* 

Eleftrified  bodies  adhere  one  to  another,  fo  that 
they  cannot  be  feparated  without  a  confiderable 
effort,  a$  was  exemplified  in  the  cafe  of  two  filk 
ftockings  of  various  colours. 

Ele&ricity  accelerates  the  evaporation  of  liquors, 
and  the  perfpiration  of  animals: 

The  pencils  or  tufts  of  light,  Which  are  fecn  at 
the  extremities  or  angles  of  ele&rified  bodies,  are 
always  compofed  of  divergent  rays  when  they  pafi 
in  the  air ;  but  if  a  non-clcftric  or  Conducing  body 
is  prefented  to  them,  they  loft  a  great  deal  of  their 
divergency  >  their  rays  fometimes  become  even  con- 
vergent* in  order  that  they  may  approach  towards 
that  body  which  is  more  permeable  than  the  air;  and 
if  they  are  made  to  pafs  into  a  vacuum,  they  will 
affume  the  form  of  a  large  branch  of  light  nearly 
cylindrical,  or  in  the  form  of  a  Ipindle;  . 

The  fpark  which  fhines  between  two  bodies  is 
capable  of  fetting  combuftible  matters  on  tire.  • 
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C  it  a  r.    VI. 

OF    THUNDER   AND    LIGHTNING,    ME- 
TEORS,  WAT ER-S POUTS,    &a 


Theory  tf  Lightning. — Defcriftion  of  a  Thunder  Storm. — Oh/h 
tions  relative  to  the  EkQricitj  of  the  Atmofihere.— Melting  tf~ 
Metals  by  the  Cold  Fu/ton  a  vulgar  Error.— -Conda&ors  of 
Lightning.*— How  to  he'fafe  in  a  Thunder  Storm.— Application  of 
Electricity  to  other  atmofpherical  Phenomena.— Rain*— Hail.'— ^ 
Snow.— Meteors.— Water-fpout*. 

IT  no  longer  remains  a  doubt  among  philo/b- 
phers,  that  the  canfe  which  produces  the  efic&s 
of  thunder  is  the  fame  with  that  which  produces 
the  ordinary  phenomena  of  ele&ricity ;  the  refem- 
bjance  between  them  is  indeed  fo  great,  that  we  can- 
not believe  thunder  itfelf  to  be  any  other  than  a 
grander  fpecies  of  ele&ricity,  naturally  excited  with- 
out the  feeble  efforts  of  human  art.  This  fluid,  pro- 
bably, is  difFufed  through  the  whole  atmolphere  at 
all  times,  either  in  a  fmaller  or  greater  degree,  and 
is  occafionally  perceptible  to  our  fenfes,  according  to 
the  concurrence  of  natural  circumftances. 

The  cloud  which  produces  the  thunder  and 
lightning  may  be  confidered  as  a  great  electrified 
body  1  but  how  has  the  cloud  acquired  its  eledric 
virtue  i  is  the  rational  requeft  of  an  inquifitive 
mind :  and  to  fatisfy  this  enquiry  it  will  Jjc  necef-  . 

faqr 
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fary  to  refer  to  what  has  been  before  obferved,  that 
this  power  is  produced  in  bodies  in  two  modes) 
by  fri&ion,  and  by  communication.     Bodies  elec- 
trified by  fridtion    communicate    their  virtue  td 
other   bodies   which   are  fufceptible  of  it,   being 
infulated,  and  at  a  convenient  diftance.     As  air, 
therefore,  is  an  idio-eleftric  body,  k  is  not  unphilo- 
iophical  to  fuppofe,  that  in  ftormy  weather  Spe- 
cially, when  it  is  common  to  obferve  the  clouds  and 
the  wind  take  contrary  courfes^a  part  of  the  at- 
mofphere,  rulhing  by  the  other,  may  caufe  the  air  td 
be  eleftrified  by  the  friftion  of  its  own  particles,  or 
by  rubbing  againft  terreftrial  objefts  which  it  meeti 
in  its  pafiage,  or  perhaps  ag&inft  the  fclouds  them- 
felves.    It  is  probable  alfo,  that  the  inflammable 
fubftances,  which  arife  and  accumulate  in  the  cloudy 
regions,  contribute  to  increafe  the  effefts,  not  only 
of  themfelves,  but,  perhaps,  ftill  more,  by  the  elec^ 
trie   matter  which  they  carry  along  with  them; 
Another  circumftance,  which  further  inclines  me  to 
make  this  inference  is,  that  thunder  ftorms  are 
more  frequent  and  tremendous  in  thofe  times  and 
places,  when  and  where  we  have  rcafon  to  conclude 
that  thefe  exhalations  are  in  the  greateft  abundance 
in  the  atmofphere,  as  in  warm  feafons  and  climates, 
as  well  as  in  thofe  places  where  the  earth  is  filled 
with  fubftances  capable  of  furniihing  a  large  quan-  v 
tity  of  thefe  exhalations,  and  in  particular  in  the 
neighbourhood  of  volcanoes. 

A  cloud  in  a  thunder  ftorm  may  be  confidered 
as  a  great  condudor>  aftualiy  infulatcd  and  dec- 

Z  a  trifled  j 
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trifled;  and  it  may  be  fuppofed  to  have  the  fame 
efleft  upon  thofe  non-ele&rics  which  it  itieets  with 
in  its  courfe,  as  our  common  condu&ors  have  upon 
thofe  which  are  prefented  .to  them.  If  a  cloud  of  thb 
kind  meets  with  another  which  is  not  cle&rified,  or 
lefs  fo  than  itfel£  the  elcflric  matter  flies  off  from 
all  parts  towards  this  cloud ;  hence  proceed  flafhes 
of  lightning,  and  the  formidable  report  of  thunder. 

*  Thunder  ftorms/  fays  BecCfcria,  c  generally 
happen  when  there  is  little  or  no  wind,  and  their  firft 
appearance  is  marked  by  one  denfe  cloud,  or  more, 
increafing  very  faft  in  ffee,  and  rifing  into  the  higher 
regions  of  the  air;  the  lower  furface  black,  and 
nearly  level,  but  the  upper  finely  arched,  and  well 
defined.  Many  of  thefe  clouds  fecm  frequently 
piled  one  upoq  another,  all  arched  in  the  lame  man- 
ner; but  they  keep  continually  uniting,  fwelling, 
and  extending  their  arches. 

*  At  the  rime  of  the  rifing  of  this  cloud,  the  at- 
mofphere  is  generally  full  of  a  great  number  of  fc- 
parate  clouds,  motionltfs,  and  of  odd  and  whim  deal 
fhapes.  All  thefe,  upon  the  appearance  of  the 
thunder  cloud,  draw  towards  it,  and  become  more 
uniform  in  their  fhapes  as  they  approach,  till  com- 
ing very  near  the  thunder  cloud,  their  limbs  mutu- 
ally ftrctch  towards  one  another ;  they  immediately 
coakfee,  and  together  make  one  uniform  mais. 
But  fometimes  the  thunder  cloud  will  fwell,  and 
increafe  very  faft,  without  the  conjunftion  of  any 
of  thefe  adfeititious  clouds,  the  vapours  of  the 
attnoiphere  forming  themfelves  into  clouds  where- 


*  •     *  .»  » 


fchap.  6*]  Thunder  Storm.  . .  341 

^ever  it  pafles.  Some  of  the  adfcititious  clouds  ap- 
pear like  white  fringes  at  th?  flcirts  of  the  thunder 
cloud,  but.thefe  keep  continually  growing  darker 
and  darker  as  they  approach  or  unite  with  it. 

c  When  the  thunder  cloud  is  grown  to  a  great 
fize,  its  lower  Surface  is  often  ragged,  particular 
parts  being  detaphcd  towards  the  earthy  but  -ftill 
connected  with  the  reft.     Sometimes  the  lower  fur- 
face  fwells  into  various  large  protuberance  bend- 
ing uniformly  .towards  the  earth.     When  tjie- eye  k 
under,  the  thunder  cloud,  after  it  is  grown  larger, 
and  well  foiimed,  it  is  feen  to  .fink  lower,  and  to  . 
darken  prodigioufly,  at  the  fame  time  that  a  num- 
ber of  fmall  adfcititious  clouds  (the  origip  of  whick 
can  ijever  be  perceived)  a^e  feen  in  a  rapicUmptioa, 
driving  about  in  very  uncertain  dirc&ions  under- it* 
While  thefq  clouds  are  agitated  with  the  mo  ft.  rapid 
motions, .  the  rain   generally   fails   iq  the '  greateft 
plenty,  and  if  the  agitation  is  exceedingly  great,  it 
commonly  hails. 

.  f  While  the  thunder  cloud  is  fwelling,  and  ex- 
tending its,  branches  over  a  large  traft  of  country* 
the  lightning  is  feen  to  dart  from  one  part  of  it  iq 
another,  and  often  to  illuminate  its  whole  mafs* 
When  the  cloud  has  acquired  a  fufficient  extent,  the 
lightning  (bikes,  between  the  cloud  <and  the  earthy 
in  two  oppofitc  placed,  the  path  of  the  lightning 
lying  through  the  whole  body  of,  the  cloud  add 
its  branches.  The  longer  this  lightning  continues, 
the  rarer  the  cloud  grows,  and  the  lefs  dark  is  its 
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appearance,  till  at  length  it  breaks    in   different 
places,  and  difplays  a  clear  fky.' 

It  is  the  opinion  of  the  fame  author,  that  the 
clouds  ferve  as  conductors  to  convey  the  eledtrk 
fluid  from  thofe  places  of  the  earth  which  are  over- 
loaded with  it,  to  thole  which  are  exhaufted  of  it. 

To  prove   that   the   earth  is   often    pofitivdy 
charged  with  refpeft  to  the  clouds  in  one    part 
while  it  is  negative  in  another,  he  adverts  to  the 
fell  of  great  quantities  offend,  and  other  light  fob- 
ftancesi  which  are  often  carried  into  the  air,  and 
Scattered  uniformly  over  a  large  traft  of  country, 
vhen  there  was  no  wind  to  effeft  this  phenomenon, 
and  even  when  there  was,  they  have  been  carried 
againft  Jthe  wind ;  he  therefore  fuppofes,  that  thefe 
light  bodies  are  raifed  by  a  large  quantity  of  elec- 
trical matter  ifluing  out  of  the  e'artjn 

This  comparatively  rare  phenomenon,  he  thinks, 
exhibits  both  a  perfeft  image  and  demonftration  of 

*  •  k 

Ae  manner  in  which  the  vapours  of  the  atmofphere 
are  raifed  to  form  thunder  clouds.  The  feme  elec- 
trie  matter,  wherever  it  ifiues,  attrafts  to  it,  and 
carries  into  the  higher  regions  of  the  air,  the  watery 
particles  difperfed  in  the  atmofphere.  The  eleflric 
matter  afcends,  being  folicited  by  the  lefs  refiftancc 

'         *  *  * 

it  finds  there  than  in  the  common  mafs.  of  the  earth, 
which  at  thofe  times  is  generally  very  dry,  and  con- 
sequently highly  ele&ric.  The  uniformity  with 
which  thundfer  %clouds  fpread  themfelves,  and  fwell 
into  arches,  muft  be  owing  to  thtir  being  affe&ed  by 

fort* 
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lome  caufe,  which,  like  the  ele&ric  matter,  diffiifes 
itfelf  uniformly  wherever  it  aifts,  and  to  the  refiftance 
they  meet  with  in  afcending  through  the  air. 

The  fame  caufe,  which  firft  raifed  a  cloud  from 
vapours  difperfed  in  the  atmofphere,  draws  to  it 
thofe  already  formed,  and  continues  to  form  new 
ones,  till  the  whole  colle&ed  mafs  extends  fo  far  as 
to  reach  a  pare  of  the  earth  where  there  is  a  defi- 
ciency of  eleftric  fluid ;  thither  alfo  they  will  be  at- 
trafted,  and  thus  the  mafs  ferves  as  a  condu&or. 
When  the  clouds  are  attra&ed  in  their  paflage  bf 
thofe  parts  of  the  earth,  where  there  is  a  deficiency 
of  the  fluid,  thofe  detached  fragments  are  formed, 
and  alfo  thofe  uniform  depending  protuberances, 
which  are  probably  the  caufe  of  water-lpouts. 

A  wind  always  blows  from  the  place  whence  £ 
thunder  cloud  proceeds,  and  the  wind  is  more  or 
left  violent  in  proportion  to  the  fudden  appear- 
ance of  the  thunder  cloud,  the  rapidity  of  its  ex- 
panfion,  and  the  velocity  with  which  the  adfeiti- 
tious  clouds  join  it.  The  fudden  condenfationxof 
fuch  a  prodigious  quantity  of  vapour  muft  difplace 
the  air,  and  agitate  it  on  all  fides. 

In  three  ftates  of  the  air,  fays  the  author  above 
quoted,  I  could  find  no  eleftricity  in  it.  ift.  in 
windy  weather,  ad.  When  the  fky  was  covered 
with  ^liftindt  and  black  clouds,  which  had  a  flow 
motion.     3d.  In  moift  weather  not  a&uajly  rain* 


ing. 


In  rainy  weather,  without  lightning,  his  apparatus^ 
was  always  ele&rified  a  little  time  before  the  rain 
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fell,  and  during  the  time  of  rain,  but  ceaftd  *  Ante 
before  the  rain  was  oven 

The  higher  his  rods  reached,  or  his  kites  flew. 
the  ftronger  figns  they  gave  of  being  electrified. 

The  clouds  are  fometimes  pofirively,  and  fbme- 
times  negatively  cle&rified.     In  the  latter  cafc  the 
lightning  is  fuppofed,/upon  the  Franklinian  theory 
to  proceed  from  the  earth  to  the  cloiid*     The  gene- 
ral effe&s  of  lightning  are  precifcly  the  feme  with 
thofe  of  the  ele&ric  ftiock,  only  greatly  magnified. 
It  may  not  be  improper  in  this  place  to  notice  an 
old  error,  namely,  the  melting  of  metals  by  lightning, 
jby  what  has  been  called  the  cold  Jufion.  '  The  error 
js  found  to  reft  upon  certain  ill  atteftcd  relations  of 
fwords  being  melted  in  the  fcabbard  by  lightning, 
and  money  in  the  bag,  without  injuring  the  fcabbard 
or  the  bag.    A  variety  of  experiments  have  beeq 
Accurately  made  to  determine  the  fattj  the  refiilts  of 
which  have  been,  that  the  thin  edge  of  the  fword,  or 
of  the  money,  might  have   been  inftantaneoufly 
melted,  and  yet  fo  inftantaneoufly  cooled,  as  neither 
to  affeft  the  fcabbard  nor  the  bag.     A  very  fmall 
wire  will  mft^ntly  melt  ^nd  inftantly  cool  in  th<} 
flame  of  a  common  candle. 

Mr.  Kinnefley  inclofed  a  fmall  wire  in  a  goofe  quill 
filled  with  loofe  grains  of  gunpowder,  which  took  fire 
as  readily  as  if  they  had  been  touched  by  a  red  hot 
poker  i  tinder  was  kindled  when  tied  to  $  piece  of  the 
fame  wire  5  but  no  fuch  effects  could  be  produced 
with  a  wire  .twice  as  large.  Hence  it  appears,  as 
Mr,  Kinnefley  remarks! '  that  though  the  eledrical 

'fire 
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fire  has  no  fenfible  heat  when  in  a  ftate  of  reft,  it 
will,  in  palling  through  bodies,  produce  heat  in 
them,  provided  they  are  proportionally  final!. 
Thus,  in  palling  through  the  {mail  wire,  the  par- 
ticles are  confined  to  a  narrower  parage,  and,  crowd- 
ing clofe  together,  act  with  a  more  condenfed  force, 
and  produce  fenfible  heat*. 

The  difeovery  of  Dr.  Franklin,  which  eftablifhed 
the  identity  of  lightning  with  the  eleftrical  fluid, 
fuggefted  an  invention,  for  which  we  are  indebted  to 
the  fame  philofopher,  for  fecuring  buildings  from 
this  moft  formidable  enemy.  The  reader  Will  per- 
ceive that  I  allude  to  that  of  metallic  condu&ors.  * 

Suppofc  Fig.  4,  Plate  XVI.  to  reprefent  die  gable 
end  of  ahoufe,  fixed  vertically  on  the  horizontal  board 
FGja  fquare  hole  is  made  in  the  gable  end  at  b  i,  into 
which  a  piece  of  wood  is  fixed  j  a  wire  is  inferred 
\n  the  diagonal  of  this  little  piece ;  two  wires  am 
alfo  fitted  to  the  gable  end ;  die  lower  end  of  one 
wire  terminating  at  the  upper  corner  of  the  fquare 
)iole,  the  top  of  the  other  wire  is  fixed  to  its  lower 
corner ;  the  br^fs  ball  on  the  wire  may  be  taken 
off,  in  order  that  the  pointed  end  may  be  occa- 
fionally  expofed  to  receive  the  explofion. 

Experiment. — Place  a  jaf  with  its  knob  in  con- 
$a&  with  the  conductor,  conneft  the  bottom  of  the 
jar  with  the  hook  H,  then  charge  the  jar,  and  bring 
the  ball  under  the  condudtor,  and  the  jar  will  be 
difchar ged  by  an  explofion  from  the  conductor  to 

*  Prieftley'e  Hifc  of  Elcft.  p.  J94. 
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the  ball  of  the  houfe.  The  wires  and  chain  being 
all  in  connexion,  the  fire  will  be  conveyed  tx>  the 
outfide  of  the  jar  without  affefting  the  'houfe ;  bet 
if  the  fquare  piece  of  wood  is  placed  fo  that  the 
wires  are  not  conne£ted,  but  the  communication 
cue  off,  the  ele&ric  fluid,  in  paffing  to  the  outfide  of 
tfie  bottle,  will  throw  out  the  little  piece  of  wood  to 
'a  confiderabk  diftancc,  by  the  lateral  force  of  the 
..explofion,  * 

Uufcrew  the  ball,  and  let  the  point  which  is  ui>- 
derneath  be  prefehted  to  the  condu&or,  and  then 
you  will  not  be  able  to  charge  the  jar  ;  for  the  fharp 
point  draws  the  fire  filently  from  the  conduftor,  and 
conveys  it  to  the  coating  on  the  outfide  of  the 

The  prime  condu&or  in  this  experiment  is  fup>- 
poftd  to  reprefent  a  thunder  cloud  discharging  its 
contents  on  a  weather-cock,  or  any  other  metal, 
at  the  top  of  a  building ;  and  it  may  be  inferred 
from  this  experiment,  that  if  there  is  a  connection 
of  metal  to  conduct  the  eledtric  fluid  down  to  the 
earth,  the  building  will  receive  no  damage j  but 
where  the  conneftion  is  imperfeft,  it  will  ftrike 
from  one  part  to  another,  and  thus  endanger  the 
whole  building. 

Elevated  conductors,  applied  to  buildings  to  fecure' 
them  from  lightning,  will  in  this  manner  difcharge  the 
.  electricity  from  a  cloud  that  pafies  over  them,  and  a 
greater  quantity  of  the  difcharge  will  pafs  through  a 
pointed  conduftor,  than  through  one  wliich  termi- 
nates with  a  ball  *  but  whether  the  difcharge  will  be 

made 
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made  by  a. gradual  current,  or  by  explofion,  will  depend 
upon  the  fuddennefs  of  the  difcharge,  on  the  nearnefi 
and  motion  of  the  cloud,  and  the  quantity  of  the  elec- 
tricity contained  in  it.  If  a  fraall  cloud  hangs  fuf- 
pended  under  a  large  one  loaded  with  eledtric 
matter,  pointed  conductors  on  a  building  under- 
neath  will. receive  the  difcharge  by  e^plofioq,  ia 
preference  to  thofe  terminated  by  balls,  {he  fmaU 
clcAid  forming  an  interruption,  which  allow*  only 
an  inftant  of  time  for  the  difcharge  #. 

Vifcount  Mahoi>  (now  Earl  Stanhope)  has 
communicated  to  the  public,  in  a  treatife  on  this 
fpbjed  f,  fome  eflentials  to  be  obferved  in  the 
ereftion  of  cpndudtors  tp  buildings;  he  advifes, 
that  the  upper  fifteen  or  twenty  inches  of  the 
rpd  fhoqld  be  compofed  of  copper,  aqd  not  of 
iron,  as  tlje  jatter,  being  expofed-  to  the  weather, 
will  ruft,  and  ruft  does  not  conduct  ele&ricity  j 
that  the  iron  part  qf  the  rod  fhould  be  painted, 
but  not  the  upper  part  of  it,  becaufe  paint  is  no 
cpndu&or.  He  further  advifes^  that  the  upper 
extremity  of  a  conducing  rod  fhould  not  only  , 
t}e  accurately  pointed  and  finely  tapered,  but  that 
it  fhould  be  extremely  prominent,  about  ten  or  fif- 
teen feet  above  al}  the  parts  of  the  building  which 
are  the  neareft  it.  It  may  be  added,  that  a  con* 
dpftor  fhould  always  be  carried  in  the  earth  fome  ' 
ffct  beyond  the  foundation  of  the  building,  ancj 
fhould,  if  poffible,  terminate  in  water. 


•  Mr.  Adams**  Eflay  on  Eleft.  p.  1 86. 
+  Principles  of  Eleftricity,  p.  205. 
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The  fefeft  place  during  a  thunder  ftorm   Is  the 
Cellar;  for  ivhen  a  perfbn  is  below  the  furface  of 
the  earth,  the  lightning  muft  ftrike  it  before  it  can 
reach  htm,  and  will  of courfe,  in  all  probability,  be 
expended  on  it.     Dr.  Franklin  adviics  perfbns   ap- 
J>rchenfive  of  lightning  to  fit  in  the  middle    of  a 
room,  not  under  a  metal  luftre>  or  any  other   con- 
ductor, and  to  lay  their  feet  up  upon  another  chair. 
It  will  be  (till  fafer,  he  adds,  to  lay  two  or  three 
beds  or  mattreffes  in  the  middle  of  the  room,,  and, 
folding  them  double,  to  place  the  chairs  upon  them. 
A  hammock  fufpended  by  filk  cords  would   be  an 
fmprovemeht  upon  this  apparatus.       Perfbns    in 
fields  fhould  prefer  the  open  parts  to  the  vicinity 
of  trees,  &c.     The  diftance  of  a  thunder  (torm, 
and  confequently  the  danger,  is  not  difficult  to  be 
cfthnated.     As  light  travels  at  the  rare  of  72,420 
leagues  in  a  fecond  of  time,  its  effefts  may  be  con- 
fidered  is  inftantaneous  within  any  moderate  dif- 
tarice.     Sound,  on  the  contrary,  is  tranfmitted  only 
at  the  rate  of  1,147  feet,  or  about  380  yards  in  a 
fecond.     By  accurately  obferving  therefore  the  time 
which  intervenes  between  the  flafh  and  the  noifc 
of  thunder  which  follows  it,  a  very  near  calculation 
may  be  made  of  its  diftance,  and  I  know  no  better 
means  of  removing  trnneceflary  apprehenfions. 

The  faccefs  of  Dr.  Franklin,  in  afcertaining  the 
catrfe  of  thunder  and  lightning,  induced  fucceeding. 
philofophers  to  apply  the  fame  theory  to  the  expla- 
nation of  the  other  atmospherical  phenomena.  From 
a  number  of  obfervations,  the  indefatigable  Becca? 
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ria  endeavours  to  account  for  the  ri(mg.  of  vigours 

and  the  fall  of  rain,  upon  elexStrical  Mprlnciplc^i  .and,. 

it  mull  be  confcfied,  that  if  it  is  npt  a.pripaary 

agent  in  thefe  efFefts,  it  would  be  rafhnefs  entirely 

to  deny  its  'influence*     This  philofopher  fuppofes, 

chat  previous  to  rain  a  quantity  of  eledf ric  matter 

eibapies  from  the  earth,  and  in  its  afcent  to  the 

higher  "regions  of  the  air  collefts  and  condufts ,  into 

its  path  a  great  quantity  of  vapours*     The  fame  . 

caufe  that  colle&s  will  conclenfe  them  more  and 

mbre,    till  in  the  places  of  the  neareft  intervals 

they  come  almoft  into  contaft,  fo  as  to  form  fmall 

drops,  whichf,  uniting  with  others  as  they  fall,  come 

down  in  rain.     The  rain  he  fuppofes  to  fall  heavier 

in  proportion  as  the  eleftricity  is  more  vigorous. 

Hail,  he  fuppofes  to  be  formed  in  the  higher 
regions  of  air,  where  the  cold  is  intenfe,  and  where 
the  ele&ric  matter  is  very  copious.  In  thefe  cir- 
cumftances,  a  great  number  of  particles  of  water 
are  brought  near  together,  where  they  are  frozen, 
and  in  their  defcent  collect  other  particles;  fo  that 
the  denlity  cf  the  fubftance.of  the  hail-ftone  grows 
kfs  and  lefs  from  the  center,  this  being  formed  firfl: 
in  the  higher  regions,  and  the  furface  being  col- 
le&ecl  in  the  lower.  Agreeably  to  this,  it  is  ob- 
ferved,  that  on  mountains,  hail-ftones  as  well  as 
drops  of  rain  are  very  fmall,  there  being  but  a 
fmall  fpace  through  which  they  can  falL 

Clouds  of  fnow  differ  in  nothing  from  clouds  of 
rain,  but  in  the  circumftance  of  the  cold  which 
freezes  them.    Both  the  regular  diffufion  of  fnow, 
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and  the  regularity  of  the  parts  of  which  it  confifts, 
fhew  the  clouds  of  fnow  to  he  a&uated  by  fome 
uniform  caufe  like  ele&ricity  *• 

Confident  with  this  theory  is  the  fa&,  that  va- 
pours  never  rift  to  a  great  height  without  produc- 
ing meteors.  Almoft  all  volcanic  productions  arc 
accompanied  with  lightning.  The  column  of  va- 
pour, which  proceeds  from  the  bowels  of  a  volcano, 
is  continually  traverfed  by  lightning,  which  fome- 
times  feems  to  proceed  from  the  higher  regions, 
fbmetimes  from  the  column  itfelf.  Thefe  light- 
nings were  obferved  by  the  younger  Pliny,  in  the 
eruption  which  killed  his  uncle;  and  Sir  William 
Hamilton  has  obferved  them  fcveral  times.  The 
aurora  borealrs  is  alio  generally  fuppofed  to  be 
ele&rical  ;  its  light  feems  to  be  produced  by  the 
ele&ric  fluid,  while  it  is  condenfed  in  palling  in  the 
columns  of  elevated  vapour  f. 

'  It 

•  Prieftley's  Hift.  Eleft.  vol.  i. 

f  Mr.  Adams's  description  of  this  meteor,  in  his  Lec- 
tures, is  as  follows:  '  The  appearances  of  the  aurora  come 
under  four  different  defcriptions.  id,  A  horizontal  light, 
like  the  morning  aurora,  or  break  of  day.  idly,  Fine,  (lender, 
luminous  beams,  well  defined,  and  of  denfe  light.  Thefe 
ofien  continue  a  quarter,  an  half,  or  a  whole  minute,  ap- 
parently at  reft,  but  oftener  with  a  quick  lateral  motion. 
3dly,  Flafties  pointing  upward,  or  in  the  fame  direction  as  the 
beams,  which  they  always  fucceed.  Thefe  are  only  momen- 
tary, and  Have  no  lateral  motion ;  but  they  are  generally  re* 
peated  many  times  in  a  minute.  They  appear  much  broader, 
more  diffufe,  and  of  a  weaker  light  than  the  beamS:  they  grow 
gradually  /ainter  till  they  difappcar;  and  fometimes  continue 

for 
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It  was  intimated  that  water-fpouts  were  among  the 
phenomena,  which  fome  philofophers  have  attempted 
to  explain  on  electrical  principles.  A  water- fpout  is  a 

moflt 

for  hoars,  flashing  at  intervals,  ^thly,  Arches,  nearly  in  the 
form  of  a  rainbow:  thefe,when  complete,  go  quite  acrofs  the 
heavens,  from  one  point  of  the  horizon  to  the  oppofite  point. 

«  When  an  aurora  happens,' the fe  appearances  feem  to  T'uc- 
ceed  each  other  m  the  following  order:  i.  the  faint  rainbow- 
like  arches.;  2.  the  beams;  and,  5.  the  flames.  As  lor  the 
northern  horizontal  light,  it  appears  toconfift  of  an  abundance  of 
ftafhes,  or  beams,  blended  together  by  the  fituatjpa  of  the  ob- 
ferven 

*  The  beams  of  the  aurora  borealis  appear  at  all  plates  to  be 
arches  of  great  circles  of  the  fphere,  with  the  eye  in  the  center; 

~  and  thefe  arches,  if  prolonged  upwards,  would  all  meet  in  one 
point. 

*  The  rainbow  Jike  arches  all  crofs  the  jnagnetk  meridian  at 
right-angles.  When  two  or  more  appear  at  once,  they  are  con- 
centric, and  tend  to  the  eaft  and  weft;  alfo  the  broad  arch  of 
the  horizontal  light  tends  to  the  magnetic  eaft  and  weft,  and 
is  bifecled  by  the  magnetic  meridian ;  and  when  the  aurora  ex- 
tends over  any  part  of  the  hemifphere,  whether  great  or  final!, 
the  line  Separating  the  illuminated  part  of  the  hemifphere  front 
the  dear  part,  is  half  the  circ&nference  of  a  great  circle  croft- 
ing the  magnetic  meridian  at  right-angles,  and  terminating  in 
the  eaft  and  weft :  moreover,  the  beams,  perpendicular  to  the 
horizon  arc  onty  thofe  on  the  magnetic  meridian. 

«  That  point  in  the  heavens  to  which  the  beams  of  the  au- 
roia  appear  10  converge,  at  any  pkee,  is  the  fame  as  that  to 
which  the  fouth  pole  of  the  dipping  needle  points  at  that  place. 

*  The  beam*  appear  to  rife  above  each  other  in  fucccflion ;  fo 
that  of  any  two  beams,  that  which  has  the  higher  bafe  has  alfo 
the  higher  fommic 

«  £very  beam  appears  broadeft  at  or  near  the  bafe,  and  to 
grow  narrower  as  it  afcends*  fo  that  the  continuation  of  the 

bounding 
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mod  formidable  phenomenon,  and  is  indeed  capable 
of  caufing  great  ravages.    It  commonly  begins  by  * 
cloud,  which  appears  very  fmall,  and  which  mariners 
call  the  (quail*  which  augments  in  a  little  time  into 
an  enormous  cloud  of  a  Cylindrical  form,  or  that  of 
a  reverfed  cone,  and  produces  a  noife  like  an  agi- 
tated lea*  fometimes  emitting  thunder  and  lightning, 
and  alfo  large  quantities  of  rain  of  hail,  fufficient 
to  inundate  large  vefiels,  overiet  trees  and  houfa, 
and  every  thing  which  oppofes  its  violent  impe- 
tuoGty* 

Thefe  water-fpouts  are  more  frequent  at  lea  than 
by  land,  and  failors  are  fo  convinced  of  their,  dan- 
gerous confcqucnces,  that  when  they  perceive  their 
approach,  they  frequently  endeavour  to  break  them 
by  firing  a  cannon  before  they  approach  too  near 
the  (hip*    They  have  alfo  been  known  to  have 
committed    the    greateft    devaftations   by    landi 
though,  where  there  is  no  water  near,  they  generally 
affume  the  harmlefs  form  of  a  whirlwind. 

In  accounting  for  thefe  phenomena  upon  eledtri- 
cal  principles,  it  is  obferved,  that  the  effluent  matter 
proceeds  from  a  body  a&ually  ele&rified  towards 
one  which  is  not  fo;  and  the  affluent  matter  pro- 
ceeds from  a  body  not  eleftrified  towards  one 
which  is  actually  fo.     Thefe  two  currents  occafion 

r 

bounding  lines  would  meet  in  the  common  center  to  which  the 
beam  tends. 

r  The  height  of  the  rainbow-like  arches  of  the  aurora  are 
eftimated  by  Mr.  Dalton  to  be  above  the  earth's  furface  about 
I50  Engl  lit  miles.'    Adams's  Le&ures,  vol.  iv.  p.  542. 

two 
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two  motions  analagous  to  die  ele&rical  ottraftion 
and  repulfion.  If  the  current  of  the  effluent 
matter  is  more  powerful  than  the.  affluent  mat* 
ter,  which  in  this  cafe  is  compofed  of  particles 
exhaled  from  the  earth*  the  particles  of  vapours, 
which  compofe  theeloud,  are  attrafted  by  this  ef- 
fluent matter,  and  form  the  cylindrical  column, 
called  the  defending  waterspouts  if,  on  the  con- 
trary, the  affluent  matter  is  the  ftrongeft,  it  at* 
trails  *  a  fufficient  quantity  of  aqueous  particles  to 
form,  gradually  into  a  d6ud,  and  this  is  commonly 
termed  the  afcending  water-fpout. 

A  different  explanation  of  thefe  phenomena  has 
been,  however,  given  by  other  philofbphers,  and  "to 
this  it  will  be  proper  to  advert  in  the  fucceeding 
book,  which  treats  of  the  nature  and  properties  of 
air  *.    In  the  mean  time  I  fhall  add  a  fhort  defcrip- 

'    tion 

#  Mr.  Nicholfon,  who  has  given  both  theories,. has  the  fol- 
lowing obferyations,  which  greatly  ftrengthen  the  hypothecs 
which  afcribes  thefe  phenomena  to  electricity:—'  It  was*  ob- 
ferved  of  water-fpouts,  that  the  convergence  of  winds,  and  their 
confequent  whirling  motion,  was  a  principal  caufe  in  producing 
that  effect ;  but  there  are  appearances,  which  can  hardly  be  folved 
by  fuppofing  that  to  be  the  only  caufe.  They  often  vanifh,  and 
prefently  appear  again  in  the  fame  place :  whitifli  or  yellowiih 
flames  have  fometimes  been  feen  moving  with  prodigious  fwift* 
nefs  about  them,  and  whirlwinds  are  obferved  to  electrify  the 
apparatus  very  ftrongly.  The  time  of  their  appearance  is  ge* 
nerally  thole  months  which  are  peculiarly  fubjeft  to  thunder-? 
farms,  and  they  are  commonly  preceded,  accompanied,  or  fol- 
lowed by  lightning,  the  previous  ftatc  of  the  air  being  alike  in. 
both  cafes.    And  the  long  eftabliihed  cuftom,  which  the  failors 

Vol..  I.  A  a  *    *«^ 


imp  of  op  of  theft  wpi^rW  ij^»*»n«W»  f*  gi»w 
by  4*  celebrated  M.  TQuiqrfon  in  Ju#  Veynge  » 
the  Ju>vanr. 

«  The  firft  of  thefe,"  fi^  t!»  trwelfer,  •»  dot 
wt  few*  was  about  a  muflt«c-ih«  front  our  flap* 
Tbere  we  perceived  the  wafer  bcjpn  to  boil,  an)  9 
rife  about  £  fooc  above  it*  level;  T)n  wacer  wa 
agi^tfd  and  VfKitifhs  and  above  its  Jur&ce  the* 
fecrned  tp  ftaqd  *  ftnoke,  M  **  might  be  w»n 
gjned  to  come  from  vet  ftraw  before  g  begin  m 
blase.  It  made  a  fort  of  a  murmuring  fouod,  like 
that  of  a  torrent  heard  at  a  difcftCfe  mi**l>  *t  the 
(trot  tiroe>  with  an  hiding  mile,  like  that  of  a 
(erpent;  fhortly  after  we  perceived  a  column  of 
this  fraoke  rife  up  to  the  clouds,  at  the  fiirae  time 
whirling  about  with  grett  rapidity.  It  appeared  » 
be  s»»  thick  a*  one's  finger  i  and  the  former  found 
ftiil  continued.  When  this  difappeared,  after  lafting 
for  about  eight  minutes,  upon  turning  to  the  oppo- 
site quarter  of  the  Iky,  we  perceived  another, 
which  began  in  the  manner  of  the  former  *  prefendy 
after  a  third  appeared  in  the  wefc  and  inftjuuljr 
betide  it  ftill  another  arofe.    The  moft  diftapt  of 

\  Save,  of  prefenting  ftiarp  (words  to  dzfperfe  them,  is  no  Inconfi* 

*  der&ble  circuinftance  in  favour  of  the  fuppofitron  ef  their  being 
cleftrical  phenomena.  Perhaps  the  afeending  motion  of  the 
air,  by  which  the  whirling  is  produced,  nay  be  the  current 
known  to  i/Tuevfrbm  electrified  points,  as  ihe  form  of  the  prom* 
Iterance  in  the  lea  is  fomewhat  pointed;  and  the  ele&rified  drop 
tff  water  may  afford  confiderablc  light  in  explaining  this  ap- 
pearance.'—- iW^^ji^  Pbihfophy%  yoL  xi.  p.  361. 

a  thefe 


tbtfa  tbitft  covU  not  be  above  a  muflat-ifcoc  from 
the  (hip-  They  all  continued  like  fo  many  heap* 
af  wet  Qmw  firt  on  fire,  that  continued  to  frook^ 
end  to  make  the  lame  noife  as  before    We  ibo» 

i 

after  perceived  each,  with  its   refpeftive  canal, 

mounting  up  in  fhe  clouds,  and  {{reading,  where 

§i  touched  (be  cloud,  like  the  mouth  of  a  trum* 

p?t*  making  a  figure,  to  expreft  it  intelligibly,  as  if 

tfce  tail  of  an  annual  were  pulled  at  one  end  by  ft 

freight.    Thefe  canals  were  of  a  whitith  colour, 

and  fo  ringed,  at  J  fuppofe,  by  the  water  which  wm 

contained  in  them  *  for>  previous  to  this,  they  w*r# 

apparently  empty,  and  of  the  colour  of  tmnfparent 

glafs,    Thefe  canals  were  not  ftrsit,  but  bent  in 

jfrme  parts,  and  far  from  being  perpendicular,  but 

riling  in  their  cloud*  with  a  very  inclined  afctnt* 

But  what  i$  v^ry  particular,  the  «loyd  to  which  on* 

of  them  was  pointed  happening  to  &  driven  by  the 

wind,  the  fpout  ftill  continued  to  follow  its  motion, 

without  being  broken  *  and  paging  behind  one  of 

die  others,  the  fpouts  eroded  each  other,  in  the 

form  of  a  St.  Andrew's  crofs.    In  the  beginning 

they  were  all  about  as  thick  as  one's  finger,  except 

at  the  top,  where  they  were  broader,  and  two  of 

them  difappeared*  but  fbortly  after,  the  laft  of  the 

three  increafed  confiderably*  and  its  canal,  which 

was  at  firft  fo  fmall,  foon  became  as  thick  as  a 

man's  arm,  then  as  his  leg,  and  at  laft  thicker  than 

his  whole  body.    We  faw  diftinftly,  through  this 

tranfparent  body,  the  water,  which  rofe  up  with  ^ 

ktad of  (pi»l motion;  and  it  fomctimes  dim<nifhed 

A  a  a  a  little 
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a  little  of  its  thicknefs,  and  again  refumed  th* 
fame;  fo  me  times  widening  at  top,  arid  fometimes 
at  bottom;  exaftly  refembling  a  gnt  filled  with 
water,  preffed  with  the  fingers,  to  make  the  fluid 
rife,  or  fall ;  and  I  am  well  convinced,  that  this 
alteration  in  the  (pout  was  caufed  by  the  wind; 
which  preffed  the  cloud,  and  impelled  it  to  giv* 
up  its  contents.  After  fome  t^me  its  bulk  was  fo 
diminifhed  as  to  be  no  thicker  than  a  man's  arm 
again ;  and  thus,  fwelling  and  diminifhing,  it  at  laft 
became  very  fmall.  In  the  end,  I  obferved  the  iea 
which  was  raifed  about  it  to  refqme  its  level  by  de- 
grees,  and  the  end  of  the  canal  that  touched  /it  to 
become  as  fmall  as  if  it  had  been  tied  round  with  a 
cord;  and  this  continued  till  the  light,  ftriking 
through  the  cloud,  took  away-  the  view.  I  ftiU; 
however,  continued  to  look,  expecting  that  it* 
parts  would  join  again,  as  I  had  before  fcen  in  one 
of  the  others,  in  which  the  fpout  was  more  than 
once  broken,  and  yet  again  came  together  $  but  I 
was  difappointedj  for  the  fpout  appeared  no  more." 


•    •   «.  « 
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Chap.    VII. 

MEDICAL    ELECTRICITY. 

Declaration  of  the  Abbe  Nolle*  on  this  Subjea<—Mr.  Adorns  on  M* 
•uocdte  far  Medical  Electricity.— Mode  of  Application.— Difeafet . 
to  'which  it  may  bt  applied.— Apparatus  moft  proper  for  MedUal 
Purfofes. 


TH  E  declaration  of  Abbe. Nolle t,  that  he  re- 
ceived more  pleafurc  from  difcovering  that 
the  motion  of  fluids  in  capillary  tubes,  and  the  in* 
fenfible  perfpiration  of  animated  bodies,  were  aug- 
mented by  eledhicity,  than  from  any  other  difco- 
very  he  had  made,  jnefledfcs  the  higheft  honour  upon 
his  char  after  as  a  friend  of  mankind. 
.  Mr.  Adams,  who  was  not  inferior  in  humanity  and 
philanthropy  to  the  French  philofopher,  ftrongly 
contends  for  the  medicinal  effefts  of  ele&ricity, 
and  brings  to  aid  his  arguments  the  acknowledged 
property  in  the  ele&ric  fluid,  to  accelerate  the  ve- 
getation of  plants.  We  may  indeed  be  convincedi 
by  a  variety  of  experiments,  that  the  cle&ric  fluid 
is  materially  connected  with  the  human  frame,  and 
h  continually  exerting  its  influence  upon  it.  As 
the  natural  equilibrium  of  this  fluid  is  eafily  de~  • 
ftroyed  in  the  human  body,  we  may  fafely  infer,  that 
pny  alteration  in  the  quantity  or  intenfity  of  the,ac- : 
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tion  of  this  powerful  fluid  will  produce  correfpood- 
ing  changes  in  the  habit  or  health  of  die  body. 
The  following  experiment  proves  the  effect  of  dris 
fluid  upon  organized  bodies. 

Let  the  charge  of  a  large  jar  or  battery  pafi 
from  the  head  to  the  back  of  a  moufc;  if  the  (hock 
is  fufficicntly  ftrong,  it  will  kill  the  animal.  If  the 
difeharge  is  made  in  the  feme  manner  afier  its 
death,  the  fluid  will  pafs  vifibly  over  the  body,  and 
not  through  it ;  from  which  circumftance  we  may 
infer,  that  the  power  or  medium  whichr  trans- 
mitted the  (hock  through  the  animal  is  loft  with  its 
life. 

The  late  Dr.  CuUen  was  of  opinion,  that  elec- 
tricity, when  property  applied,  is  one  of  the  moft 
powerful  ftimulancs  that  can  be  employed  to  ad 
upon  the  nervous  fyftem  of  animals. 

Mr.  Adams,  therefore,  infers,  from  various  ex* 
periments,  that  elcftricity  is  applicable  to  palfies, 
rheumatifms,  intermittent*;  to  ipafm,  obftru&on, 
and  inflammation.  In  furgery  aUb,  he  adds,  it  has 
confiderable  effeft*  The  gout,  the  fcrophula,  or 
king's  evil,  are  ranked  among  thofe  difeafes  to 
which  this  remedy  is  applicable ;  and  there  is  realbn 
to  fuppofe,  that  in  the  beginning  of  theft  difeafes 
its  application  has  been  very  fuccefsfch 

Modern  ck&ricians  have  contrived  various 
modes  for  applying  the  ele&ric  fluid  to  the  remedy 
of  difeafes* 

The  dream  of  this  fluid  may,  without  a  ftock, 
be  made  to  pafs  through  any  part  of  the  body*  it 

may 
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may  alft  be  thrown  upon,  «t  flrthrfted  from, 

any  part;  And  it*  t&ion  in  t*th  cafe  toty  bfc 
varied,  by  caufing  the  fluid  to  pafi  through  ma- 
terials which  refill  its  paf&ge  in  different  degrees  t 
it  may  be  applied  to  the  naked  intogtitoeftts,  or 
to  the  flcin  covered  with  different  refifting  fub- 
ftancesj  and  its  power  may  be  ratified  or  con* 
denfed,  confined  to  one  fpot,  or  more  diffufed, 
as  the  difcretion  of  the  operator  may  direft  him. 

The  apparatus  the  moft  proper  for  thefe  medici- 
nal operations  are,  an  ele&rical  machine  with  an 
infulated  culhion,  properly  conftrufted  to  afford 
a  continued  and  ftrong  ftream  of  the  ele&rical 
fluid. 

Mr.  Adams  has  not  only  given  a  defcription  and 
reprefentation  of  this  apparatus,  but  has  alio  con- 
ftru&ed  them  forpublic  utility  *,  upon  a  plan  re- 
commended by  Mr.  Birch  in  his  le&ures  to  medi- 
cal practitioners. 

The  total  want  of  experimental  knowledge  upon 
this  fubjeft  utterly  difables  me  from  deciding  upon 
the  efficacy  of  this  remedy.  It  is  certainly  a 
powerful  agent  in  nature,  but  its  effe&s  are  tran- 
sient, and  the  eafe  with  which  the  fluid  is  tranfmitted 
through  the  human  body  will  probably  operate 
againft  its  producing  a  permanent  effed.  Thus 
far,  however,  may  with  truth  be  advanced,  that  it 
is  a  fafe  and  eafy  remedy,  and  therefore  fhould  ne- 
ver be  omitted  where  there  is  a  chance  of  its  doing 

•  Adams's  Eflay,  p.  313. 
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good.    Medical  men  are,  however,  the  only  proper    \ 
judges  when  it  ought  to  be  applied;  and   iz  fhould 
be  a  maxim,  that  the  fafeft  and  moft  innoxious  me- 
dicines may  have  the  moft  fatal  copfequenccs  m 
uaikilful  hands.  * 
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Chapter.    I. 

t 

HISTORY   OF  DISCOVERIES   RELATIVE 

TO   AIR. 

Vagut  Notions  of  the  earfy  Chmifiu—Van  Hibrumt.—Choak  and 
Fin  Damp. — Mr.  BcyU.—Difcoveries  of  Dr.  Hales.— Of  Dr* 
Black.— Of  Dr.  Priefiley.—OfMr.  Cavendijb.—Of Lavoifier. 
Vital  or  dephlogifticated  Air  difcovertd  by  Dr.  Prieftley.—C<m<* 
fofiti$n  of  Wattr  and  of  Nitrous  Acid  difcwered  by  Mr.  Covin* 
dijb. 

THOSE  aerial  fluids,  which  in  their  nature 
and  cffe&s  are  different  from  the  air  of  our 
atmpiphere,  did  not  efcape  the  notice  of  the  early 
chcmifts ;  but  they  paid  little  attention  to  the  nature 
of  them,  contenting  themfelves  with  giving  them  a 
name  which  meant  nothing,  denominating  them,  in 
general,  Jpiritus fylveftris. 

Van  Helmont  diftinguifhed  them  by  the  name 
of  gasy  which  he  defined  to  be  a  fpirit  or  incoer- 
cible  vapour,  9s  the  word  gas,  or  rather  gboqft, 
in  the  Dutch  language,  fignifies.  He  fuppofes 
(he  gas  to  have  been  retained  by  the  fubftances 

from 
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from  which  it  is  extracted,  in  a  fixed  or  concrete 
form.    He  afferts,  that  fixty-two  pounds  or  char- 
coal contain  fixty-one  of  gas,  and  only  one  of 
earth9  and  attribute!  the  fatal  efftlts  which  work* 
men  experience  occasionally  in  mines  to  the  eman- 
cipation of  this  fpirit.   *  On  the  fame  principle  he 
accounts  for  the  eradiations  from  the  ftomach  and 
bowels,  and  for  the  floating  of  drowned  bodies $  and 
he  concludes  by  determining,  that  this  gas  is  a.  fluid 
of  a  nature  quite  different  Irom  that  of  our  com- 
mon air. 

The  exiftence  of  two  different  kinds  of  vapour, 
or  elaftic  fluids,  had  been  previously  obferved  in 
mines,  and  coal- works:  the  one  was  obferved  to 
affcft  animals  with  a  fenfe  of  fufibcation,  and  to 
extinguilh  life,  and  it  therefore  obtained  the  name 
of  the  tktak-Atmpi  the  other,  from  the  dangerous 
property  of  catching  fire  when  a  candle  or  any 
ignited  body  was  brought  in  contact  with  it,  was 
termed  the  Jin-damp. 

A  fpecimen  of  the  fire-damp,  or  inflammable 
air,  was  collected  from  a  coal-mine  of  Sir  James 
Lowther,  in  Cumberland,  and  brought  up  in  blad- 
der* to  be  exhibited  to  the  Royal  Society  at  Lou* 
ddn,  in  the  year  1733 ;  and  in  the  year  1756  Mr. 
John  Maud  procured,  from  the  folution  of  iron  kv 
oil  of  vitriol,  a  quantity  of  the  very  fame  fpecies  of 
inflammable  air,  and  demofiffrated  chat  die  fern* 
might  be  procured  from  moft  of~th«  metals  in  cer- 
tain circumftances. 
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The  experiments  of  Van  Hdmont  ware  greatly 
improved  upon  by  the  figacious  Boyle.  He  changed 
the  name  of  gas  to  that  of  artificial  air%  he  demon* 
ft  rated,  that  this  artificial  air  was  not  always  die 
lame ;  for  inftance,  that  the  air  produced  by  fer- 
mentation is  effentially  different  from  that  which  ia 
formed  from  the  explofion  of  gunpowder.   He  was, 
I  believe,  the  firft  trho  perceived  that  the  volume 
of  air  was  diminiihed  by  the  combuftion  of  certain  * 
fubftances* 

This  laft  obfervation  of  Mr.  Boyle  leems  parti- 
cularly to  have  attracted  the  attention  of  the  inde- 
fatigable Dr.  Hales,  and  he  invented  inftruments 
for  determining  the  quantities  both  of  the  air,  which 
was  on  fome  occafions  produced,  and  on  other  oc- 
cafions  abforbed,  by  different  fubftances.  Thefe 
experiments  deferve  the  attention  of  every  philofo- 
pher,  and  for  accuracy  or  ingenuity  have  never  been 
exceeded  *. 

Among  other  circumftances,  which  were  particu- 
larly remarked  by  Dr.  Hales,  was  the  great  quan- 
tity of  air  contained  in  the  acidulated  mineral  waters; 
and  to  this  air  he  fufpefted  they  were  indebted  for 
their  fparkling  and  brightnefs,  and  fome  other  of 
their  peculiar  qualities*  In  obferving  the  abforp- 
tion  of  air  by  bodies  in  combuftion,  he  faw  that  this 
abforption  had  its  limits  >  he  remarked  alfo,  ia  fome 
cafes,  the  alternate'  production  and  abforption  of 
air,  as  for  inftance  in  refpeft  to  the  air  which  he 

*  See  Hales's  Vegetable  Station  paffinu 
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prbduced  from  the  burning  of  nitre,  which  air,   he 
obferved,  was  very  foon  diminished  in  bulk,  though 
he  did  not  perceive  that  the  abforption  was  owing 
to  the  water,  which  he  always  ufed  in  his  experi- 
ments.    The  production  of  an  air  capable  of  in- 
flammation from  the  diftillation  of  certain  fubitances 
did  not  elcapeliis  obfervation ;  and  he  has  advanced, 
that  the  augmentation  of  weight  in  the  metallic 
calces  was  in  fome  degree  owing  to  the  air  which 
they  imbibed.     That  the  phofphorus  of  Homberg 
diminifhes  the  air  in  which  it  is  burned  ;  that  nitre 
cannot  explode  in  vacuo ;  and  that  air  is  in  general 
neceflary  to  the  cryftallization  of  falts,  are  among 
the  fads  which  are  noticed  by  this  philofopher. 

From  the  uncertainty,  however,  of  Dr.  Hales  and 
his  predeceffors,  with  regard  to  feveral  material  cir- 
cumftances,  of  which  they  appear  to  have  had  fbme 
cafual  glimpfes,  and  from  their  total  ignorance  of 
others,  the  do&rine  of  the  aerial  fluids  was  but  in  a 
date  of  infancy,*  till  the  decifive  experiments  of  Dr. 
Black,  Mr.  Cavendilh,  and  Dr.  Prieftlcy,  furoifhed 
us  with  a  new  fyftem  in  this  important  department 
of  natural  hiftory. 

•  The  firft  of  thefe  philofophers  obferved,  diat  lime 
and  magnefia,  in  their  mild  ftate,  confift  of  an  union 
pf  a  certain  aerial  fluid  with  the  earthy  baft  •>  that 
this  aerial  matter  is  a&ually  extrafted  by  the  ope- 
ration of  burning,  which  reduces  ordinary  calcareous 
earth  to  the  ftate  of  quick-lime ;  »and  that  it  is  af- 
terwards re-abforbed  by  the  quick-lime  when  ex- 
pofed  to  the  air.    On  this  principle  \ic  was  able, 

not 
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nor  only  to  account  for  the  lofs  of  weight  jby  the 
burning  of  lime-ftone,  but  to  eftimate  to  thegreateft 
"nicety  the  additional  weight  which  it  could  acquire 
•from  the  atmofphere.     He  extra&ed  the  gas,  to 
which  he  gave  the  name  of  fixed  or  fixable  air,  alio 
by  another  procefs,  namely,  by  diffolving  the  caK 
/rareous  earth  in  acids ;  he  found  that  the  caufticity 
of  lime  depended  upon  its  violently  attra&ing  from 
vegetable  and  animal  matter  a  portion  of  that  air 
of  which  it  had  becH  deprived,  and  that  upon  this 
principle  he  was  enabled  to  render  cauftic  the  alka- 
line falts. 

To  Mr.  Cavendifh  the  fecond  place*  in  the  order 
of  this  hiftory  belongs.  He  purfued  the  expert 
ments  of  Dr.  Black,  and  afcerguned  the  quantity  of 
fixed  air  which  could  be  retained  by  the  fixed  and 
volatile  alkalis.  He  accounted  for  the  nature  of 
acidulated  waters,  by  the  fixable  air  which  they 
contained.  He  procured  a  fpecies  of  inflammable 
air  from  folutions  of  iron  and  zinc  in  vitriolic  acid* 
and  he  was  the  firft  who  remarked,  that  a  folution 
of  copper  in  fpirit  of  fait,  inftead  of  yielding  in* 
flammable  air,  like  that  of  iron  or  fcinc,  afforded  a 
particular  fpecies  of  air,  which  loft  its  elafticity  by 
coming  in  contadt  with  water: 

Dr.  Prieftley  commenced  his  philofbphical  car- 
reer by  fome  experiments  upon  fixable  air ;  and  the  ' 
firft  of  his  communications  to  the  public  related  to 
the  impregnating  of  water  with  this  air,  by  means  of 
chalk  and  oil  of  vitriol,  a  method  firft  hinted  by 
Dr.  Brownrigg  of  Whitehaven,  and.  now  commonly 
t  pra&ifcd 
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pra&ifod  in  die  imitations  of  the  acidulated  mineral 
waters-  The  Doftor  tried  the  power  of  fucable  ar 
upon  animal  and  vegetate  life,  and  found  it  fata) 
to  both  j  and  he  made  feveral  other  valuable  expe- 
riment*, the  fiibftance  of  which  will  be  related  in 
the  chapter  on  fixed  air. 

The  indefatigable  mind  of  Dr.  Prieftley  was  no^ 
however,  to  be  Satisfied  with  the  inveftigacion  of 
a  Angle  objeft.    He  next  turned  his  attention  to 
the  nature  of  atmofpheric  air.    He  obfcrved,  after 
'  Dr.  Hales,  it?  diminution  by  different  procefica,  a* 
by  combuftion,  &c.  but  differs  as  to  the  cauic. 
Dr.  Hales  fuppofed  the  fpecjfic  gravity  of  die  air 
to  be  inercafed  *  but  Dr.  Prieftley  judged,  that  the 
deafer  part  qf  the  air  is  precipitated,  and  that  the 
remainder  is  actually  made  lighter.    The  difcovery 
that  the  atmofpheric  air  is  purified  by  vegetation  i» 
alfo  Dr.  Prieftley's. 

On  purfuing  the  experiments  of  Mr.  Cavendiflj 
on  inflammable  air,  the  Doctor  found  that  it  waa 
not  only  producible  from  iron  and  zinc,  but  from 
every  inflammable  fubftance  whatever. 

Dr.  Prieftley  difcovered  the  caufe  that  air,  which 
has  been  refpired,  becomes  fatal  to  animal  life,  to 
be,  that  it  becomes  impregnated  with  fo  me  thing 
fiimolating  to  the  lungs,  for  they  are  afieded  in 
the  fame  manner  as  when  expofed  to  any  other  kind 
of  noxious  air.  His  experiments  on  the  means  of 
nftoring  falubrity  to  air  are  highly  interefting  and 
entertaining,  and  afford  a  plcafxng  inftance  of  well* 
directed  aifiduity*    But  one  of  the  moft  ftrildng 

difcoveries 
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4ifcov^ria  of  tJw  p^pof°S^r  »t  that  tbc  iMrow 
aw>  vbich  He  procured  from  the  felutku?  of  cemw 
fttttpM  in  the  nitrpus  acid,  bad  the  properly  of  dimU 
qUhiflg  4  quantity  pf  the  pureft  part  of  the  common 
*>r>  the  remainder  being  by  this  procef;  rendered 
{Kutieuft  and  unfit  for  combuftipn  i  and  upon  thii 
principle  nitrous  air  wa*  for  a  long  time  received 
a*  st  teft  of  the  purity  of  the  atmofphere,  though  it 
will  afterwards  appear  that  this  teft  is  imperfeft, 
Dn  Prieftley  alio  purfued  the  iaft-mentioned  expe- 
riment of  Mr.  Cavendifa*  and  found  that  a  fimplc 
acid,  or  alkali,  might  be  made  to  aflurpe  the  form 
of  a  permanently  elaftkr  fluid j  and  thefe  fluids  he 
diftinguiflied  by  the  title  of  acid  and  alkaline  thru 
But  to  lpecify  all  Dr.  Pricftley's  difcoveries,  even  in 
thU  very  conciie  manner,  wopld  greatly  exceed  my 
limits ;  1  muft  therefore  be  content  with  only  cur-» 
Jorily  mentioning  the  moll  remarkable. 

The  publication  of  thefe  experiments  of  the 
Engliih  philosopher*  excited  the  attention  of  fevcraj 
ingenious  foreigners  j  but  the  only  difcoveries  wg*v» 
thy  of  notice  in  this  place  are  thofe  of  M.  La* 
voificr.  The  experiments  of  this  philofbpher,  af* 
eertaining  the  precife  quantity  of  water  and  elaftiq 
fluid,  which  are  contained  in  flaked  lime  and  mild 
alkali,  alfo  thofe  upon  the  burning  of  phofphorus, 
ye  the  neateft  and  moft  complete  that  have  ever 
been  publiihed.  The  only  new  diicovery  of  any 
note,  which  we  can  attribute  to  him,  was,  demon- 
ftrating  that  the  reduction  of  metals  is  owing  to  the 
abfoxptien  of  a  certain  eUftic  fluids  b^t  he  did  not 

at 
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at  firft  perceive  that  this  fluid  was  in  any  rdpeft 
different  from  die  fixable  air  produced  by  eflfervcf- 
cing  mixtures.  In  a  memoir,  however,  which  he 
read,  after  the  publication  of  his  eflays,  before >tk 
French  Academy,  he  is  of  opinion,  that  the  air  whick 
is  abforbed  by  the  calcination  of  metals  is  common 
air,  but  that  it  is  of  the  very  pureft  kind,  and  more 
combuftible  and  refpirable  than  that  in  which  we 

cxift. 

This  opinion  verges  fo  clofely  upon  the  depMo- 
gifticated,  vital,  or  empyreal  air  of  Dr.  Prieftfey, 
that  were  we  not  informed  by  good  authority,  that 
M.  Lavoifier  firft  received  from  our  Engliih  philo- 
fopher  *  the  hint  of  extra&ing  air  from  mercurius 
calcinatus,  the  circumftance  would  in  fome  meaiure 
affeft  the  priority  of  his  claim  to  that  great  difco- 
very.    Dr.  PrieMey  confefies,  that  accident,  rather 
than  a  preconcerted  plan,  was  his  guide  upon  this 
occafion.     He  had  been  employed  in  extracting  air 
.from  different  fubftances,  and  in  particular  in  the 
converfion  of  the  different  acids  into  Buids  perma- 
nently elaftic.     Among  the  fubftances  from  which 
he  endeavoured  to  extraft  air  was  calcined  mercury, 
which  afforded  it  in  confiderable  quantities;  and 
upon  applying  the  different  tefts,  he  found  this  air 
of  a  purer  nature  than  the  common <atmoipheric  air.' 
The  air  which  was  produced ;  from  red  precipitate 
was  equally  pure  with  that  which  was  afforded  by 
the  mercurius  calcinatus  per  fe.    A  fimilar  produft 

#  Pricftley  on. Airy  vol.  ii.  p.  36,  and  320.  -  . 
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•was  procured  from  red  and  white  lead,  from  a 
variety  of  fubftances  moiftened  with  fpirit  of  nitre  j 
laftly,  from  common  nitre  itfel£-  from  fedative  fait, 
and  Roman  vitriol.  I  omit  noticing  a  number  of 
erroneous  opinions,  which  were  ftarted  in  the  in- 
fancy of  the  feience,  as  my  prefent  bufinefs  is  only  to 
trace  the  fteps  by  which  our  knowledge  has  been 
gradually  improved  in  this  department  of  nature. 

Dr.  Prieftley  continued  his  Experiments  on  in* 
flammable  air,  and  found  that  all  tlje  metals  which 
yield  it  when  diffolved  in  acids,  yielded  it  by  means 
of  heat  alone  j  his  mode  of  extra&ing^  it  was  by 
fubje&ing  the  filings  of  the  different  metals  in  vacuo 
to  the  adtion  of  a  burning  glafs. 

The  next  remarkable,   and  perhaps  the  molt 
important    difcovery*    was   that    of  Mr.    Caven-* 
difh,  which  has  explained  -  to  us  the  nature  and ' 
compofition  of  water,     Mr.  Cavendilh  was  led  to 
this  great  difcovery  by  the  experiment  of  Mr.  Warl- 
tire,  related  by  Dr.  Prieftley,  in  which  it  was  found, 
that  on  firing  a  mixture  of  common  and  inflamma- 
ble air  by  the  eleftric  fpark,  a  lofs  of  weight  always 
enfued,  and  that  the  infid?  of  the  veffel  in  which 
it  was  fired  became  always  moift  or  dewy,  though 
ever  fo  carefully  dried  before.     On  repeating  the 
experiment,   Mr.  Cavendifli  did  not  perceive  the 
diminution  of  weight  which  Mr.  Warltire  fuppofed 
.  to  take  place,  but  the  latter  effedt  was  completely 
exemplified.      In  prolecuting  the  experiment,  it 
appeared,  that  it  Was  only  the  pure  or  empyreal  part, 
that  is  about  one-fourth,  of  the  common  air  which 
You  I.  B  b  was 
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was  confirmed,  and  die  water  produced  was  per- 
fectly taftelds  and  pure  $  on  mixing  empyreal'  air 
with  the  inflammable  in  a  due  proportion,  the 
whole  portion  loft  its  elafticrty,  and  was  condenftd 
into  Water* 

Mr.  Cavendifli  purfued  his  experiments  with  re- 
markable fuccefe,  to  afcertain  die  conftituent   prin- 
ciples of  phlogifticated  air,  or  that  which  conffi- 
tutes  the  impure  and  unreiptrable  portion  of  the 
atmofpheric  air,  and  by  pafling  the  ele<5tric  /park 
through  common  air,  and  through  a  certain  mix- 
ture of  empyreal  and  phlogifticated  airs,  he  was  able 
totally  to  condenfc  the  latter,  and  to  afcertain  its 
conftituent  principle  to  be  the  fame  with  that  of  ni- 
trous acid,  with  (as  he  then  thought)  a  fmall  por- 
tion of  inflammable  matter.     In  this  latter  opinion, 
however,  he  has  fince  been  corre&ed  by  Lavoifier, 
and  other  modern  chymifts,  who  have  proved  that 
azote,  or  phlogifticated  air  (as  it  is  called  by  the 
Englifh  chemifts)  is  no  other  than  the  bafis  of  the 
nitrous  acid  *. 

On  thefe  experiments  and  difcoveries  the  whole 
of  the  modern  fyftem  of  chemiftry  and  phyfiology 
is  founded;  but  their  importance  will  be  more 
completely  proved,  in  treating  more  at  large  of  the 
different  fpecies  of  air,  and  of  the  fucceeding  fub- 
jefts,  in  thefe  Volumes* 

*  In  Mr.  Cavendifh's  Experiment,  as  he  probably  ufed  air 
which  had  been  rendered  impure  by  com  bull  ion,  fome  fmall 
portion  of  charcoal  or  other  inflammable  nutter  might  be  con- 
tained in  the  air. 

Chap. 


■Chap.  2.]  [    371    J 


Chap.    II. 


OF     OXYGEN    GAS,    OR    PURE,    VlTAL, 
EMPYREAL,  OR   DEPHLOGISTIC ATED 


Explanation  of  Terms  ^Reafous  for  the  liferent  Names  qfigned  » 
this  Fluid.— Hc<tv  procured.-^From  Calcts  of  Metals.— By  Fe~ 
getatiaeu—From  Water*— Properties  of  Oxygen.— J  powerful 
Agent  in  the  Syjfem  of  Nature.— >Ho*w  effential  to  Flame  and 
Life*— Various  Modes  provided  by  Nature  for  fumt/bing  a  Supply  „ 
if  this  Fluid. 

IT  has  been  already  intimated  that  gas>  fignifying 
fpirit  or  ebullition,  was  a  term  employed  by 
Van  Helmont,  and  other  Dutch  and  German 
chemiftsj  to  defcribe  tbofe  elaftic  fluids,  which  ap- 
peared in  tfteir  nature  different  from  common  or 
atmofpheric  air.  From  the  preceding  hiftory  of 
fire  or  caloric,  the  reader  will  be  at  no  loft  to  under- 
(land,  that  every  aeriform  fluid  confifts  of  a.  bafts,  or 
matter  peculiar  to  itfclf  combined  with  the  matter  of 
heat,  which  is  indeed  the  real  efficient  caufe  of  all 
fluidity  whatever.  The  word  gas  has  therefore  been 
employed  by  the  French  chemifts  to  denote  an 
aeriform  fluid  compofcd  of  a  certain  bafis,  which 
gives.it  its  peculiar  character,  combined  with  the 
matter  of  heat  or  fire.  It  will  be  alio  proper  to 
.remember,  that  of  thole  fluids  which  are  termed 
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ehftic,  fomc  arc  permanently  claftic,  as  the  aeriform 
fluids,  others,  fuch  as  common  vapour  from  water, 
are  condenfible  by  cold ;  and  that  it  is  only  of  the 
former  kind  that  we  hav*  now  td  treat. 

The   fluid  under  our  immediate  confideration 
was  originally  termed  depblogtfticated  air,   a   name 
given  it  by  Dn.Pricftley  from  fuppofing  it  free 
from  phlogifton  or  inflammable  matter;   wben  it 
was  found  eflential  to  animal  life,  it  obtained  the 
name  of  pure  or  vital  air ;  and  when  it  was  found  id 
contribute'  eflentially  to  ignition,  and  the  other  phe- 
nomena of  fire,  it  was  termed  empyreal  air;  but  the 
French  chemifts,  having  difcovered  that  it  is  the 
fubftance  which  imparts  the  acid  character  to  all 
the  mineral  and  vegetable  acids,  have  diftinguifhed 
it  by  the  name  of  oxygen  *  gas. 

Oxygen,  or  the  bale  of  oxygen  gas,  is  naturally  or 
artificially  combined  with  a  great  variety  of  fub- 
flances.  From  fome  of  thefe  it  may  be  detached 
by  the  fimple  application  of  heat,  fince  it  has  a  re- 
markable attraftion  for  the  matter  of  fire,  with 
which,  when  it  unites,  it  becomes  expanded,  and  af- 
fumes  the  form  of  gas  or  air.  * 

The  fubftances  from  which  it  may  be  moft  eafily 
extrafted,  by  means  of  heat,  are  red  lead,  calcined 
mercury,  nitre,  and  manganefe.  Dr.  Prieltley  ex- 
poied  a  quantity  of  red  lead  in  the  focus  of  a  burn- 
ing glafs  twelve  inches  in  diameter.     A  quantity  of 

*  Prom  o£t-(  (ox as)  "  ftiarp  or  acid/9  and  ytmpuu  (gine* 
mai)  «  to  beget  or  produce:"— Oxygen  is  the*  ikcrally  the 
'principle  or  fubftance  producing  acids.  -    ::  : 
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fix^d  air,  or  carbonic  acid  gas,  as  it  is"  now  called, 
wafe  always  produced  at  firft;  Ibut  after  that  was  ft-** 
parated,  the  remainder  was  found  to  fiipport  flame, 
and  to  fuftain  animal  life  much  more  vigoroufly  thatf 
common  air,  and  to  have  all  the  chara&ers  of  de- 
phjogifticated  air,  or  oxygen  gas.  !  • 

*  By  various  fucceeding  experiments  ofDK  Frieftley 
and  others  it  however  appears,  that  dephlogifticated 
airj  or  oxygen,  may  be  obtained  not  only  by  means 
of  heat,  but  alfo  by  the  aftion  of  the  vitriolic  and 
nitrous  acids  upon  a  variety  of  mineral  and  metallic 
iubiftances.  *  m 

In  a  fmall  phial  A  B  (Plate  XIX.  Fig-  1.)  to  the 
mouth  of  which  is  fixed  a  bent  tube  CD,  put  an 
ouice  of  the  dxid  of  mercury,  or  hydrargyrus  cai- 
cinatus;  put  it  to  heat  over  thfc  dialling  difti  Rj 
and  after  the  atmolpheric  air ,:  which  filled  the  phial, 
is  £xhaufted,  place  the  extremity  D  of  *  the  bent 
tube  under  a  long  narrow  glafs  veflel  (Fig.  2*)  filled 
with  the  fluid  in  the  pneumatic  apparatus  or  tub 
(Fig.  3.)  and  place  this  veflel  upon  the  board  EF 
£bove  the  aperture  c  or  d  *. 

As  the  mercury  revives  and  becomes  liquid,  a 
comprefiible,  elaftic,  tranfparent  fluid  may  be  ob- 
ferved  to  difengage  itlelf,  and  pafs  into  that  narrow 
glafs  veflel  5  this  is  air  of  the  pureft  kind  that  we 
are  able  to  procure,  namely,  vital  ay  or  oxygen 
gas.  ' 

This  kind  of  air  may  alfo  be  obtained  by  th$ 

f  Traitc  Elem.  de  Phyf*  torn.  ii.  p.  24. 
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£nxMf  procds,  from  the  native  oxid  or  calx  of 
mangaaefe,  or  from  minium  or  red  lead,  which,  it  is 
well  known,  is  an  oxid  of  lead  united  with  nitrous 
acid. 

The  better  to  understand  thefe  efle&S  it  muft  be 
recollected,  as  was  obferyed  in  the  beginning  of  this 
chapter,  that  this  fluid  is  not  found  in  thefc  fub- 
Jtances  in  an  entire  ftate^  they  only  contain  the  balls 
of  it,  which  is  the  oxygen ;  for  metals  neither  calcine 
fior  burn  but  in  confequence  of  their  combination, 
with  oxygen,  which  by  that  means  becomes  folid, 
and  joins  its  weight  with  theirs.   This  oxygen  is  then 
expelled  by  the  heat  or  caloric,  which,  combining 
with  it,  caufes  It  to  pafs  into  the  ftate  of  an  elaftic 
fluid}  during  this  procefs,  the   metal,  lofing   the 
oxygen  which  had  reduced  it  to  the  ftate  of  an  oxid 
or  calx,  afiuraes  its  metallic  properties,  and  lofes  the 
weight  which  it  had  acquired  in  becoming  oxi- 
dated*. 

There  is,  however,  a  method  by  which  oxygen 
gas  may  be  obtained  with  lefs  heat  and  greater 
facility,  and  it  is  as  follows  j  put  fome  red  lead  into 
a  botde,  together  with  fome  good  ftrong  oil  of 
vitriol,  but  without  any  water.  Let  the  red  lead 
fill  abdut  a  quarter  of  the  botde,  and  the  vitriolic 
acid  be  about  the  fame  quantity,  or  very  little  left  ; 
then  apply  the  bent  tube  to  the  botde  by  inferring 
it  through  a  cork,   and  having  inverted  another 

botde  filled  with  water  in  a '  bafoh  about  half- 

'.,••         -     <         •  •• '       •  •         •   .  - 
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filled  alfo  with  water,  direft  the  other  end  of  the 
crooked  tube  into  the  bottle  inverted  in  the  water* 
In  this  ftage  of  the  procefs  we  muft  obferve,  thet 
without  heat  this  mixture  of  red  lead  and  vitriol** 
acid  will  not  afford  any  oxygen  air,  or  a  very  in- 
confiderable  quantity!  it  is  necefiary,  therefore,  to 
ap]f>ly  the  flame  of  a  candle  or  wax  taper  to  the 
bottle  containing  the  ingredients,  while  the  crooked 
tube  opens  a  communication  between  this  bottle 
and  that  inverted  in  the  water.    In  this  manner  the 
red  lead  will  yield  a  quantity  of  elaftic  fluid,  which 
will  pafs  through  the  crooked  tube  into  the  inverted 
bottle,  and  as  the  quantity  of  dephlogifticated  air 
increases  in  the  inverted  bottle,  the  water  in  it  wiU 
be  feen  to  fubfide  s  this  air  will  not  be  all  pure* 
becaufe  a  confiderable  quantity  of  fixed  air  enters 
with  it.  In  order  to  feparate  the  fixed  from  the  pure 
air,  the  inverted  bottle,  when  filled  with  the  com- 
pound of  both,  muft  be  agitated  in  a  bafon  of  lime 
water,  by  which  means  the  lime  water  will  abforb 
the  whole  quantity  of  fixed  air,  and  Jeaye  the  de» 
phlogifticated  air  or  oxygen  gas  by  itfelf. 

Oxygen  gas  may  alfo  be  obtained  'in  confiderable 
quantities  from  water,  efpecially  from  pump  water, 
which,  when  exppfed  to  the  fun,  emits  air  (lowly  $ 
but  after  it  has  remained  fo  for  a  confiderable  time* 
a  green  matter  adheres  to  the  bottom  and  fides  of 
the  glafs  vcficl  in  which  it  remained;  afterwards  it 
pmits  pure  air  in  great  quantities,  and  continues  to 
do  lb  for  a  long  time  after  the  green  matter  ha$ 
f^ibited  fymptoms  of  decay  by  turning  yellow, 
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Dr.  Ingcnhoufz  rightly  fuppofed  this  green    mat- 
ter to  belong  to  the  vegetable  kingdom,  and  pro- 
cured pure  air' by  putting  the  leaves  of  planes    into 
water,  and  expofing  them  to  the  fiin.      He    ob- 
ferves,  that  of  land  vegetables  the  fitted:  for  this 
ptirpofe  are  the  poifonous  plants,  fuch  as  hyofcya- 
rous,  lauro-cerafus,  night- (hade,  &c.     But  he  ex- 
tracted the  pureft  air  from  fome  aquatic  vegetables, 
and  from  turpentine  trees,  but  especially  from   the 
green  matter  he  colledted  from  a  ftone  trough,  which 
had  been  kept  filled  with  water  from  a  fpring  near 
the 'high  road.  - 

While  Dr.  Prieftley  was  engaged  in  a  (eries  of 
experiments  to  enable  him  to  purify  contaminated 
air,  he  difcovered  that  vegetables  aofwered  this  pur- 
pofc  moft  effeftually.     The  experiment  by  which 
he  illuitrates  his  aiTcrtion  was  this ;  having  rendered 
a  quantity  of  air  very  noxious,  by  mice  breathing 
and  dying  in  it,  he  divided  it  into  two  receivers  in- 
verted in  water,  introducing  a  fprig  of  mint  into 
one  of  them,  and  keeping  the  other  receiver  with 
the  contamina  ed  air  in  it  alone.     He  found,  about 
eight  or  nine  days  after,  that  the  air  of  the  receiver, 
into  which  Jic  had  introduced  the  fprig  of  mint, 
had  become  refpirablej    for  -a  moufe  lived  very 
well  in  this,  but  died  immediately  upon  being  in- 
troduced into  the  other  receiver,  containing  the  con* 
taminated  air  alone. 

It  has  fince  been  obferved,  that  feveral  animal 
fabftanccs,  as  well  as  vegetables,  have  a  power  of 
Separating  ,dpphlogifticated  air,  or  pxygei)  gas,  from 
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water,  when  expofed  to  the  aftion  of  the  fun  for  a 
confiderable  time. 

The  ingenious  count  Rumford  obferves,  that  raw 
filk  has  a  remarkable  power  of  producing  pure  air. 
He  found  ,  that  by  introducing  thirty  grains  of'  this 
fubftance,  firft  walhed  in  water,  into  a  thin  glafs  globfe 
four  inches  and  a  half  in  diameter/  having  a  cylindri- 
cal neck  three-fourths  of  an  foch  Svi^e  and  twelve 
inches  long,  inverting  the  globe  into '  a  jar  "filled 
with  the  feme  kind  of  water,  and '  expofing  it  to 
the  aftion  of  the  fun  in  the  windbW,  in  lefs  th4n 
ten  minutes  the  filk  became  covered  with  an  infi- 
nite  number  of  air  bubbles,  gradually  increafing'ia 
fize,  till  at  the  end  of  two  hours  the1  filk1  was 
buoyed  up,  by  their  means,  to  the  top  of  the  wa- 
ter.    They  fcparated  themfelves  by  degrees,  and 
formed  a  collection  of  air  in  the  upper  part  of  the 
globe,  which,  when  -examined  by  the  eftablifhed 
teft,  appeared  to  be  very  pure.     In  three  days  he 
cqlie&ed  three  and  three-fourths  of  a  cubic  inch  of 
v  pure  air,  into  which  a  wax  taper  being  introduced, 
that  had  juft  before  been  blown  out,  the  wick  only 
remaining  red,  it  inftantly  took  fire,  and  burned 
with  a  bright  and  enlarged  flame.     The  water  in 
the  globe  had  acquired  the  fmell  of  raw  filk,  it 
loft  ibmething  ot  its  tranlparency,  and  afiumed  a 
faint  greemlh  caft. 

It  has  been  obferved,  that  when  this  experiment 
was  made  in  the  dark,  only  a  few  inconfiderable 
bubbles  were  formed,  which  remained  attached  to  the 
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filkf  nor  was  ic  otherwife  when  the  glafi  globe  was 
removed  into  a  German  ftove.  In  the  latter  cafe* 
indeed,  fome  fingle  bubbles  had  detached  them— 
fehres  from  the  (ilk,  and  afcended  to  the  top,  bo* 
the  air  was  in  too  fmall  a  quantity  to  be  either  me*— 
Jured  or  proved. 

In  thefe  experiments  it  is  probable  that  the  0x7— 
gen  or  pure  air  was  extracted  by  an  a&usd  decern— 
pofition  of  a  part  of  the  water,  by  means  of  a  ca- 
pillary attradion>  aided  by  the  fblar  influence ;  and 
in  effeft  the  fame  philofopher  was  enabled  to  ex- 
trad  it,  though  in  a  fmaller  quantity,  by  means  of 
a  number  of  very  minute  glafs  tubes  immerled  in 
water  and  cxpofed  to  the  fan. 

The  properties  or  functions  of  this  fluid  are  fome 
of  the  moft  important  in  nature ;  nor,  except  ca- 
loric or  hear,  is  there  any  natural  agent  more  uni- 
verfal  or  more  a&ive. 

1  ft.  It  is  effential  to  combuftion $  nor  do  we 
know  of  any  procefs  by  which  flame  can  be  fup. 
ported  without  a  fapply  of  oxygen  gas,  or  empyreal 
air. 

adly.  In  certain  proportions  it  is  abfolutely  ne- 
ccflary  to  fuftain  animal  life;  fo  that  the  whole  ani- 
mal creation  may  be  faid  to  depend  upon  this  fluid 
for  their  exiftence. 

3dly.  It  is  what  giyes  the  acid  charaftcr  to  all 
mineral  and  vegetable  falts,  the  bafes  of  which  are 
found  to  be  entirely  infipid  till  combined  witfy 
oxygen, 
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4Jthly.  The  calcination  of  metals  is  altogether 
effe6ted  by  their  union  with  oxygen.   Thus  for  moft 
of  the  mineral  pigments,  and  a  very  numerous  clafs 
jof  medicines,  we  are  indebted  to  this  ufeful  element. 
5thly.  It  forms  a  conftituent.  part  of  that  necef- 
larv   fluid,  water,    which  confifts  of'  85   parts  of 
oxygen,  and  1 5  of  hydrogen,  or  the  bafis  inflam- 
mable air. 

Oxygen  gas,  or  air,  is  more  elaftic  than  com* 
mon  .  air ;  it  exceeds  it  alfo  in  fpecific  gravity,  for 
the  proportion  between  pure  and  common  air  is  at 
160  to  152.    . 

On  introducing  a  lighted  candle  into  pure  or  de- 
phlogifticated  air,  the  flame  becomes  larger  and 
brighter;  and  whenever  the  air  is  very  pure,  the 
candle  burns  with  a  crackling  noife,  as  if  the  air 
contained  fome  combuftible  matter,  while  the  tallow 
pr  wax  waftes,  or  is  confumed,  incredibly  faft. 

Philofophers  have   proved   by  various  experi- 
ments, that  common  air  is  not  diminiihed  by  burn* 
ing;  in  all  thefe  experiments  the  quantity  of  va- 
pour produced  was  equal  to  that  abforbed,  or  other* 
wife  made  to  disappear,  during  the  operation.     But 
the  cafe  is  different  with  oxygen  or  dephlogifticated 
*  air;  for  if  a  burning  candle  is  introduced  into  4 
glafs  jar  filled  with  this  kind  of  air,  an  intenfe  heat 
will  take  place,  which  will  at  firft  expel  a  (mall 
quantity  of  the  air ;  afterwards,  when  the  candle  is 
extinguifhed,  it  will  be  found  that  two-thirds  of 
the  bulk  of  air  employed  will  be  converted  into 
fixed  air.    When  the  fixed  air  is  taken  up  by 
t  cauftic 
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caufric  alkali,  the  fmall  remainder  will  be  as  pure 
as  before* 

In  commoriprocefles,  not  more  than  one-tend: 
of  the  air  employed  is  converted  into  fixed  air. 
It  is  probable,  that  in  thefe  experiments  foxnc  dimi- 
nution in  the  volume  of  air  muft  take  place,  from 
the  fupcridr  gravity  of  fixed  air,  and  the  confc- 
/   quent  condenfation  of  the  o^her. 

If  life  coals  are  introduced  into  a  veflel  filled 
with  dephlogifticated  air;  it  w31  be  found  to   be  (fi- 
xninilhed  one-fourth  of  its  quantity.     When  this 
experiment  is  repeated  with  fulphur,  the  flame  will 
become  larger  and  more  vivid  than  in'  common 
air,  and  three- fourths  of  the  quantity  will  be  loft. 
If  a  piece  of  phofphorus  is  put  into  a  feven  ounce 
mcafure  of  this  kind  of  air,  the  mouth  of  the  botde 
being  corked,  and  the  phofphorus  bdng  let  on  fire 
-   within  It,  the  phial  will  break  in  pieces,  as  loon  as 
the  flame  is  extihguifhed,  by  the  preflure  of  the 
external  air. 

The  purity  of  vital  air  is  afcertained  by  its  de- 
gree of  diminution  with  nitrous  air,  or  gas   ob- 
-  tained  from  nitrous  acid,  and  this  procefs  is  to  be 
confidered  as  a  fpecies  of  combiiftion,^  efpecially  as 
a  confiderable  degree  of  heat  is  generated  by  it. 
Very  great  differences,  however,  are  perceived  in 
this  refpeft;  and  according  to  the  quantity  of  di-_ 
minution,  the  air  is  faid  to  be  two^  three,  or  four 
times- better  than  common  air.     Dr.  Prieftley  men- 
tions fome  extracted  from  red-lead  five  times  as 
pure  as  common  air.    '  - 

Pure 
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^  .  3?\ire  or  oxygen  air  is  not  abforbed  tyr  water* 
nor  fl:ubleyiic5  but  it.  may,  aswasjuft  intimated, 
be  almoft  entirely;  condenfed  by  nitrous  gas,  with 
which  it  combing  as  will  be  proved  when  treating 
,o£  that  fubftancej  and  this  combination  is  foluble 
in  water,  and  forms  nitrous  acid*  for  this  acid  is 
'  compofed  of  the  bafis  of  nitrous  gas  combined  with 
oxygen,-  the  whole  being  diflblved  in  water. 

Thereafon  that  pure  air  is  the*moft  effential  of 
all  the  fluids  to  the  fupport  of  life  is,  probably,  bc- 
caufe  a  great  quantity  of  heat  is  neceflkry  for  this 
purpofe,  and  becaufe  this  fluid  contains  it  in  great 
.quantity,  and  parts  with  it  very  freely  when  it  meets 
with  any  fubftance  with  which  it  has  an  affinity. 
But  as  its  bafis  (oxygen),  combines  itfelf  very,  eaftly 
with  the  bafis  of  *  coal  which  is  found  in  the  blood 
and  lungs,  and,  during  this  combination,  lofes  pare 
of  its  caloric  or  heat,  which  goes  to  the  fupport  of 
life,,  the  remainder  of  the  caloric.and  oxygen,  com- 
bined with  the  coal,  form  the  acid  carbonic  gas  or 
fixable  air,  which  is  always  found  to  exift  in  a  larger 
quantity  in  air  which  has  been  refpired,  than  in  at- 
friofpherical  air  which  has  not  been  fubfervient  to 
,tW  funftion.     Of  this  a  very  eafy  experiment  a£ 
fords  fufficient  proof;  it  is  founded  on  the  property 
'which  the  carbonic  gas  has  of  rendering  lime* water 
turbid.     A  crooked  tube  open  at  both  end*  is 
.partly  filled  with  lime-water;  a  perfon  applies 
his  mouth  to  one  end  of  the  tube,  and  infpires,  by 
drawing  the  air  through  the  lime-water  contained 
in  it.    By  this  the  ttanfparcncy  of  the  lime* water 
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is  not  afitded;  but  it  becomes  ttirbid  as    ibon  at 

\ 

the  perfon  expires,  which  is  owing  to  the  carbo- 
nic acid  formed  in  the  lungs.    It  is  therefore  lie 
great  attra&ion  which  exifts  between  the  matter  of 
coal  and  the  bafts  of  pure  air  which  renders  ths 
fluid  jb  proper  for  breathing.    The  pure   air  whkA 
we  breathe  performs  two  fun6Hons  equally  nece£ 
fary  to  our  prefervation  \  it  carries  off  from  the 
blood  that  matter  of  coal,  the  fuperabundance  of 
which  would  be  pernicious,  and  the  heat  whidi 
this  combination  depoGts  in  the  lungs  repairs  die 
continual  lofs  of  heat  which  we  experience  front 
furrounding  bodies.    According  to  Dr.  Prieftfey 
and  others,  the  bafis  of  oxygen  gas  is  alio  abibrbed 
by  the  blood. 

Since,  therefore,  a  great  quantity  of  heat  is  difeo- 
gaged  from  pure  air  in  respiration,  it  follows,  thaC 
this  fluid  mud  be  very  pernicious  to  animals  who 
breathe  this  air  alone  for  a  cOnfiderable  time ;  which 
is  confonant  with  the  obfervations  of  phy ficians,  who 
have  attempted  to  cure  phthids  by  the  refpirarioa 
of  vital  air. 

The  bafis  of  this  empyreal  or  pure  air,  or  oxy- 
gen, as  the  French  chemifts  term  it,  is  one  of  the 
conftituerit  parts  of  water.    It  has  been  mentioned, 
that  it  is  alfo  the  matter  which  gives  the  acid  cha- 
racter to  all  the  acids ;  fulphur,  for  inftancc,  is  a 
very  innoxious,  infipid  body,  till  by  burning,  that 
is  by  abforbing  oxygen,  it  becomes  vitriolic  acid. 
^Whether  rhe  bafis  of  this  empyreal  air  is  a  fimpfe 
of  compound  fubliance,  we  are  unable  to  deter- 
mine; 
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mine ;  in  the  prefent  ftate,  however,  of  philofophi- . 
cal  knowledge,  we  are  juftified  in  confidering  it  as 
a  fimple  elementary  body,  for  it  has  never  yet  been 
decompofed. 

If  the  limits  of  this  work  permitted,  or  if  the  re- 
fearches  of  philofophers  had  furnifhed  us  with  fuffi- 
cient  materials,  it  would  be  a  moft  pleafing  {pecu- 
lation to  trace  the  wifdom  of  Providence  in  the  very 
ample  means  which  he  has  provided  for  fupplying 
us  with  this  neceflary  fluid.'    It  is  evident,  that  im- 
menfe  quantities  of  it  are,  by  the  various  precedes 
of  combuflion,  deftroyed,  or,  to  fpeak  more  philo- 
fophically,  condenfed,  and  by  its  union  with  inflam- 
mable matter  formed  into  water.    This  water  is 
again  raifed  into  the  atmofphere  in  the  form  of 
vapour;  it  falls  in  dew  or  rain  upon  the  leaves 
of  plants,  and  there,  by  the  genial  a&ion  of  the 
folar  rays,  a  new  decompofition  again  takes  pl?ce, 
and  every  branch,  every  lea£  every  blade  of  graft, 
is  occupied  in  the  beneficial  fund  ion  of  again  im- 
pregnating the  atmofphere  with  this  falutary  fluid. 
The  quantities  too,  which  are  abfbrbed  by  the  calces 
of  metals,  muft  be  immenfe ;  but  by  the  various 
procefles  for  the  fmelting  and  reduftion  of  thefc 
metals,  the  oxygen  is  again  let  free,  and  a  frefh 
ftpply  is  produced.    Even  the  air,  which  is  injured 
by  refpiration,  is  doubtlefs  again,  by  a  variety  of 
modes,  the  greater  part  concealed  from  our  view, 
purified,  and  rendered  once  more  fit  for  ufe,  fince 
fixed  air,  in  a  difengaged  ftate,  is,  comparatively 
fpeaking,  but  a  rare  fubftance  in  nature,  and  fince 

there 
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there  is  rcafon  to  fuppofe  that  many  of  the  carbonic 
bodies  may  be  recruited  alio  by  its  decompofiaao. 
Ignorance  of  nature  is  proverbially  the  fble  (burte 
of  atheifm  5  and  who  can  contemplate  this  aftoniil- 
ing  revolution,,  this  circulation  of  benefits,  and  not 
{mile  at  the  extreme  folly  of  the  man,  who  can  fup- 
pofe thefe  appointments  eftabliihed  without  incdli* 
gence  or  defign. 


1  CnAh 
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Chap.    HI. 

AZOTIC*    GAS,  OA  P.tiLOpISTICATfiD 

AIR. 

jfxotic  Gas  is  the  unrefcirable  Part  of  tie  Atmofpbert*—H<Fu>  pro- 
cured.—Air  Bladders  of Fijhes  filled  *w:tb  />.-•//*  Properties*— m 
Azote  the  Bafis  of  nitrous  Acid.  i    . 


TH  E  azotic  gas  is  called  by  Lavoifier  mofete, 
and  by  Dr.  Prieftley  phlogifticated  air.  It 
conftkutes  about  three-fourths  of  the  atmosphere, 
but  is  not  refpirable  by  itfelf ;  Whence  it  derives  the 
name  of  azote,  as  being  unfit  for  the  fupport  of  ani- 
mal life.  Philofophers  have  proved,  that  this  fluid 
is  completely  formed  in  the  atmofphere,  and  that  it 
may  be  procured  by  merely  abforbrng  or  deftroying 
the  pure  air,  or  oxygen,  with  which  it  is  united  in 
atmofpheric  air. 

Azotic  gas,  therefore,  is  always  found  to  remain 
after  a  quantity  of  c6mmon  air  has  undergone  the 
refpiration  of  anirjrtals,  the  combuftion  of  bodies,  or 
putrefaction ;  becaufe  in  all  thefe  cafes  the  pure  air 

*  Or  "  air  which  takes  away  life,"  from  the  Greek  priva- 
tive particle  a  and  £»q  (zoe)  "  life.'9  Dr.  Prieftley  called  it 
phlogifticated  air,  from  fuppofing  it  chiefly  compofed  of  an  ima- 
ginary fabftance,  which  Scheele  and  his  followers  termed  phlo- 
gifton  (or  the  fb«d  of  fire) ;  this  appellation  is  now  found  to  be 
erroneous. 

.   Vol,  !•  C  c  « 
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is  abforbcd  or  condenfed.  Azotic  gas  is  equally  in- 
vifible  with  common  air,  and  fomething  more  elaf- 
tic.  Mr.  Kirwan  procured  fomc  air,  by  means  of  t 
mixture  of  iron-filings  and  fulphur,  fo  perfe&ly  free 
from  vital  air,  that  it  was  not  in  the  leaft  diminilhcd 
by  the  teft  of  nitrous  air.  When  this  kind  of  air 
is  fa  produced  and  dried,  by  introducing  dry  filter- 
ing paper  under  the  jar  that  contains  it*  its  weight 
will  be  found  to  be  to  that  of  common  air  as  9S5 
to  1000,  the  barometer  Handing  at  30.46,  and  the 
thermometer  at  6o°. 

Various  fubftanccs  alfo  are  produ&ive  of  this  mr; 
and  M.  Fourcroy  has  difcovertd,  that  the  air  blad- 
ders of  fifties,  and  particularly  of  the  carp,  air  full 
of  its  and  that  it  may  be  colledtcd  by  breaking 
them  under  gla&  veiTels  inverted  in,  water.  The 
air,  however,  which  is  contained  in  the  bladders  of 
marine  plants,  is  found  to  be  confidently  purer  tfaaa 
atmospheric  air. 

In  fpeakiag  of  the  properties  of  this  fluid  it  is 
proper  to  remark,  ift.  That  azotic  gas  affords  no 
fign  of  acidity,  not  being  capable  of  turning  the 
blpe  colours  of  vegetables  red** 

2d.  It  doeja  not  precipitate  lime  dififolved  in  wa- 
fer 5  for  if  a  fmall  quantity  of  lime  water  is  put  into 
a  tube  filled  witlv  this  gas,  it  will  remain  clear  and 

*  The  common  teft  of  chemifh,  to  prove  whether  aay  W 
contains  an  acid.  They  commonly  drop  a  fmall  portion  of  the 
fluid  into  a  clear  phial  containing  fyrap  of  violets ;  but  the 
moft  delicate  teft  is,  a  papej  ftained  with  tindure  of  turnibk  or 
litmus,  to  which  the  acid  is  applied  by  a  feather, 

•    limpid> 
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limpid ;  there  will  be  neither  lime  precipitated,  nor 
chalk  formed,  which  evinces  that  it  is  radically  dif- 
ferent from  fixed  or  carbonic  acid  air. 

3dly.  Another  property  of  this  gas  is  that  of  fud» 
denly  extinguifhing  fubftancea  on  fire,  and  killing 
-animals  which  are  plunged  into  it.  This  may  be 
proved  by  introducing  an  animal,  or  a  burning  can* 
die,  into  a  veflel  full  of  this  gas  j  the  animal  will  be 
fuddenly  fuffocated,  and  the  candle  inftantly  ex tm*^ 
guifhed. 

4thly.  Azotic  gas  is  rendered  refpirable  by  vege- 
tables, which,  in  certain  circumftances,  fiirnifh  vital 
air.  This  property  is  probably  owing  to  their  re- 
taining the  hydrogen  of  the  water  which  they  ab- 
forbj  while  they  part  with  the  oxygen.  There  is 
no  doubt  that  azotic  gas  is  really  a  conftituent 
principle  of  the  atmolphere;  for  if  fewnty-three 
parts  of  it  are  mixed  ^ith  twenty-feven  of  pure  air, 
an  air  will  be  produced  refembling  that  of  the  at- 
mofphere,  and  refpirable  as  that  is  *. 

5thly.  It  is  now  a  well  eftablilhcd  faft,  that  the 
azote,  or  bafis.  of  phlogifticated  air,  is  literally  the 
bafis  of  the  nitrous  acid  f  >  for  being  mixed  in  pro- 
per proportions  with  oxygen  or  pure  air,  which  is 

•  Briflbn,  torn.  ii.  p.  35. 

f  It  is  almoft  unneceftary  to  inform  the  reader,  that  nitrous 
acid  is  that  fubftance  commonly  fold  in  the  (hops  under  the 
name  of  of ua  forth.  It  may  feem  furpriiing  to  be  told,  that  the 
air  which  we  are  commonly  breathing  is  efien  dally  aqua  fortis 
—But  though  that  extremely  corrofi ve  and  deadly  fluid  is  really 
compofed  of  azote  and  oxygen,  yet  they  are  then  in  a  (late  of 
combination,  whereas  in  atmofpheric  air  they  are  only  mixed, 

C  c  2  neceflary 
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necefiary  to  give  to  thefc  bafcs  the  acid  chara&er, 
and  ft*  on  fire  by  pafling  through  them  an  eie&ric 
lpark,  nitrous  acid  is  uniformly  produced,  as  is  evi- 
dent from  the  experiments  of  Mr.  Cavendilh. 

6thly.  Late  difcoveries  have  alio  evinced,  tint 
the  volatile  alkali  is  formed  from  a  union  of  tbi 
gas  with  hydrogen,  or  inflammable  air. 
-  The  further  ufes  and  properties  of  this  air  will 
be  better  explained  when  I  come  to  treat  of  the 
atmoiphere. 
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Chap.     IV. 


FIXED   OR  FIXABLE*   AIR,   OR  CARBONIC 

ACID    GAS.    ' 


The  Bafts  of  ibis  Air  is  the  elementary  Matter  of  Charcoal.— -Com- 
bined with  Oxygen.— Modes  of  producing  it.— Fermentation.— 
Quantity  contained  in  different  Kinds  of  Wines.— Ckoak  Damp. 
—Properties  of  Fixed  Air*— Great  fpecific  Gravity.— May  h$ 
poured  out  of  a  Vejfel  like  Water*— Rejijls  PutrefaQion. 


IN  enumerating  the  principles  of  bodies  f,  it  will 
be  recolle&ed,  that  coal,  or  carbon  (according 
to  the  French  chemifts)  was  confidered  as  a  fimplc 
elementary  fubftance.  Carbonic  acid  gas,  however, 
is  by  no  means  entitled  to  this  chara&er.  It  re- 
ceives the  name  dicarbmic,  becaufe  its  aftual  bafis 
is  the  matter  of  coal,  or,  more  properly,  charcoal. 
It  is  called  acid,  becaufe  a  quantity  of  oxygen  enters 
into  its  compofition.  It  is  denominated  a  gas,  from 
the  matter  of  fire  which  gives  it  the  charadter  of  a 
permanently  elaftic  or  aeriform  fluid.  The  propor- 
tion of  the  materials  which  enter  into  this  kind  of 
air  is  about  eighteen  parts  of  oxygen  and  feven 

*  So  called  at  firft  from  its  fuppofed  quality  of  exifting  in  a 
fixed  ftate  in  certain  bodies/ as  in  lime,  chalk,  &c 

f  Book  I.  chap.  2. 
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parts  of  that  matter  which  the  French  philofbphers 
denominate  carbon,  or  coal. 

If,  for  example,  charcoal  is  burnt  in  a  clofc  veflH 
with  oxygen  gas,  the  air  which  remains  after  com- 
bullion  is  this  carbonic  acid  gas.  By  the  experi- 
ments of  Lavoifier  and  De  la  Flade  it  appeared, 
that  one  ounce  of  charcoal  required  for  its  com- 
buftion  three  ounces  and  one*  third  of  vital  air,  and 
produced  three  ounces  and  an  half  of  fixable  air. 

There  are  feveral  methods  of  procuring  fixed  or 
fixable  air,  or  carbonic  acid  gas;  firft,  by  the  fermen- 
tation of  liquors,  in  which  operation  its  formation  is 
owing  to  the  combination  of  the  carbon  of  the  lac- 
charine  matter  with  the  oxygen  of  the  water. 

It  is  evident  that  a  great  quantity  of  fixed  air  is 
produced,  when  vegetable  or  animal  fubftances  (es- 
pecially the  former)  are  in  a  (late  of  vinous  fermen- 
tation.    In  breweries  there  is  always  a  ftratum  of 
fixed  air  on  the  furface  of  the  fermenting  liquor, 
reaching  as  high  as  the  edge  of  the  vats  \  and  it  is 
owing  to  the  production  and  elafticity  of  fixed  air, 
that  fermenting  liquors*  when  put  into  clofe  veffels, 
often  are  known  to  burft  them  with  great  vio- 
lence. 

Dr  Prieftlcyj  in  order  to  determine  the  quantity 
of  fixed  air  contained  in  ieveral  fpecies  of  wine,  took 
a  glafs  phial  (fitted  with  a  ground  ftopple  and  tube) 
capable  of  containing  an  ounce  and  half  meafure. 
This  he  filled  with  wine,  plunging  it  into  a  veffcl  of 
water.  The  whole  was  then  put  over  a  fire,  and  the 
water  in  which  the  phial  was  plunged  fufiered  to 

boil, 
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boil.  The  end  of  the  tube  in  the  ftopple  being 
placed  under  the  nlouth  of  an  inverted  receiver 
filled  with  quickfilver,  the  heat  expelled  the  fixed 
^ir  from  the  wine>  which,  entering  into  the  receiver, 
afcended  in  bubbles  through  the  quickfilver  to  the 
top,  removing  in  its  pafiage  a  part  of  the  metal, 
an4  affuming  its  place  in  the  receiver.  Tjie  rcfulc 
of  the  Doctor's  experiment  may  be  interefting  to 
fome  readers,  and  to  others  it  may  at  lead  afford  en- 
tertainment* 

1  f   oz.  of  Madeira   produced  T§3  of  an  oa.  meaf.  of 

fixed  air. 
Port  6  years  old    -   ^ 

Hock  of  5  years    -   ^ 

Barrelled  claret      -    -i% 

Tockay  of  16  years    £9 

Champagne  of  2  years  -     2    oz.  meafares. 

Bottled  Cyder  of  1  z  years     3  J 

Fixed  air  may  be  eafily  obtained '  by  mixing  to* 
gether  equal  parts  of  brown  fugar  and  good  yeaft  of 
beer,  and  adding  about  twice  the  quantity  of  water. 
This  mixture  being  put  into  a  phial,  to  which  a 
bent  tube  with  a  cork  or  ftopple  may  be  adapted, 
will  immediately  ferment,  and  yield  a  confiderable 
quantity  of  fixed  air,  which  may  be  received  into  a 
phial  filled  with  quickfilver  or  water, 

adly.  Fixed  air  is  produced  by  the  refpiration  of 
animals  5  in  which  cafe  the  oxygen  of  the  air  in- 
fpired  furnilhes  part  of  its  heat  to  the  fupport  of 
life,  and  combines  with  the  carbonaceous  or  coaly 

C  C4  matter, 
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matter,  which  is  difengaged  from  the  blood  in  the 
lungs. 

3dly .  From  what  has  been  previoufly  flared  it  is 
evident,  that  fixed  air  may  be  produced  by  the  com- 
bullion  of  any  carbonaceous  or  coally  matter. 

4thly,  Fixed  air  is  alio  extricated  in  large  quaiv 
tides  by  the  a&ion  of  acids  on  calcareous  earth. 

Fill  a  phial  or  a  glafs  receiver  with  water,  and 
invert  it  (in  the  fame  manner  as  defcribed  in  the 
chapter  on  dcphlogifticated  air)   in  a  baibn    half 
filled  with  water.     Then  put  fome  chalk  or  mar- 
Ble  grofsly  powdered  into  another  bottle,  ib  as  to 
fill  about  a  fourth  qt  fifth  part  of  ft,  and  pour  water 
upon  it  until  the  chalk  is  covered,  then  add  ib/ne 
vitriolic  acid  to  it,  in  quantity  about  the  fourth  or 
fifth  part  of  ?he  water,  and  apply  a  cork  with  a 
tube  as  before  to  the  botde,  fa  that  the  extremity 
of  the  tube  may  pafs  through  the  water  of  the  ba* 
fon  into  the  neck  of  the  other  bottle  which  is  in- 
verted in  the  water,     'the  mixture  of  chalk  and  oil 
of  vitriol  will  then  begin  to  eflfervefce,  and  heat  is 
produced,  which  may  be  felt  by  applying  the  hand 
to  the  outfide  of  the  veffel.     Fixed  air  is  copioufly 
emitted  from  this  mixture,  and,  puffing  through  the 
bent  tube,  will  proceed  into  the  bottle  inverted  ip  the 
water,  and  afcend  to  the  top  of  it.     By  thefe  means 
the  inverted  bottle  may  be  filled  with  fixed  air,  and 
being  corked  under  water,  may  be  removed  from 
the  bafon,  and  kept  for  ufe. 
''    5thly.  Fixed  air  is  alfo  expelled  in  large  quan- 
tities, by  the  application  of  heat  only,  from  lime, 

chalk, 
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■  chalk,  magnefia,  or  alkaline  bodies,  in  what  is  called 
Jtheir  mild  ftate,  oppofed  to  cauftic ;  and  by  the  ex- 
i  pcrimcntsof  Dr.  Black  it  was  found,  that  this  fub- 
i  ftance  constituted  nearly -one-third  of  the  weight 
:  of  thofe  bodies.  The  alkalies  and  calcareous  earths 
1  have  confcquently  a  very  powerful  attra&ion  for 
!  this  fluid  in  their  cauftic  ftate ;  and  it  is  therefore 
:    eafily  -condenfed  by  agitation  with  lime  water,  as 

has  been  already  intimated. 
1         f  his  gas  was  long  known  to  miners  by  the  name 
r     of  choak  damp,  fo  called  from  its  fatal  fuffbcating 
efFe&s;  and  its  properties  may  be  enumerated  in 
1     few  words,     ift.  It  extinguifhes  flame.     2d.  It  is 
fatal  tp  animal  life.     3d.  It  is  heavier  than  com- 
mon air.     4th.  From  its  acid  character  it  refifh 
putrefa&ion.     5th.  It  renders  alkalies,  &c.  mild 
6ch.  Water,  under  the  common  prcfjure  of  the  at- 
mofphere,  and  at  a  Iqw  temperature,  abfbrbs  fome- 
what  more  than  its  bulk  of  this  gas,  and  in  that 
ftate  conftitutes  a  weak  acid  rather  agreeable  to  the 
tafte,  whence  fixed  air  is  a  conftituent  principle  in 
moft  mineral  waters;  indeed  the  water  of  fprings 
and  rivers  is  feldom  free  from  it.     7th.  It  is  alfo  a 
conftituent  principle  of  all  fermented  liquors. 

If  a  lighted  wax  taper  is  let  down  into  a  bottle 
filled  with  fixed  air,  the  flame  will  be  inftantly  ex- 
tinguished, and  an  animal  inclofed  in  a  veflel  which 
contains  it  will  immediately  expire. 
This  fixed  air  will  be  found  ta  be  much  heavier 

■  •  •  * 

than  common  air;  its  fpecific  gravity  being  to  that 
of  common  air  as  151  is  to  100. 

From 
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From  the  greater  weight  of  this  gas  it  always  faJi 
to  the  bottom  of  the  veflel  in  which  it  is  contained 
Ad  animal  introduced  into  a  ftratum  of  this  air  im- 
mediately expires ;  and  it  is  owing  to  the  prefcnee 
of  this  fluid  that  the  Grotto  del  Cani  in  Italy  is  &xd 
to  animals  whofe  organs  of  refpiration  arc  placed 
below  the  level  of  the  mouth  of  that  cavern.  This 
gas  may  be  poured  out  of  one  veflel  into  another 
like  water,  or  may  be  poured  on  a  candle,  which 
it  will  extinguifh  as  effe&ually  as  that  fluid* 

Among  the  mod  ufeful  properties  of  fixed  air,  it 
has  been  remarked,  that  water  impregnated  with  it 
becomes  a  powerful  antifeptic.     Moft  of  the  fa- 
mous mineral  waters  may  be  imitated  by  impreg- 
nating water  with  fixed  air,  and  then  adding  that 
quantity  of  fait  or  metal,  chiefly  iron,  which  thofc 
mineral  waters,  by  analyfis,  are  known  to  contain. 
It  is  from  this  property  of  preventing  putrefa&joo, 
that  fixed  air,  and  vegetables,  fugar,  and  other  lub- 
ftances,  which  abound  with  that  principle,  are  fiip- 
pofed  to  be  powerful  remedies  in  putrid  difeafes. 

Fixable  air  not  only  preferves  fruit,  but  meat  alio, 
from  putrefa&ion,  and  that  for  a  very  confiderablc 
time,  and  even  in  the  hotteft  weather. 


Chap. 
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INFLAMMABLE    AIR   OR   HYDROGEN 

GAS*. 

■ 

¥bis  Gas  forms  the  Bafis  of  Water.— Proportion  of  Hydrogen  and 
Oxygen  which  enter  into  the  Compofition  of  Water.— Modes  of 
procuring  inflammable  Air*—lgnes  Fatui.—Fire  Damp  in  Mines? 
*—Lightefl  of  ail  Fluids. — Remarkable  Properties.— Ufe  in  Air 
fialleons.—* •Curious  aerial  Fire  Works* 

TO  that  fluid,  which  we  term  inflammable  air, 
the  French  chemifts  have  given  the  name  of 
hydrogen  gas,  becaufe  its  bafis  is  the  peculiar  con- 
ftituent  part  of  water ;  but  what  this  bafis  may  be 
in  its  nature9  whether  fimple  or  compound,  is  at 
prefent  unknown,  becaufe  it  cannot  be  feparated 
from  the  heat  or  caloric  which  gives  it  the  aerial 
form,  without  fixing  it  in  another  fubftance. 

According  to  M.  Lavoifier,  water  is  compofed  of 
eighty- five  parts  of  oxygen  and  fifteen  parts  of  hy- 
drogen. This  philofopher  has  inftrufted  us  in  the 
following  method  of  obtaining  this  gas   by  heat 

onlyf. 

Let  water  pafs  drop  by  drop  through  the  bar- 
rel of  a  gun,  while  it  remains  red  hot  amidft  burn- 

*  TT&p  (hydor)  «  water"  and  yimy^k  (geinomai)  "  to 
produce." 

f  Briflbn,  torn*  ii.  p.  73, 

*  kg 
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ing  coals;  let  a  crooked  tube  placed  at  the  end  of 
this  iron,  and  bent  fo  that  it  may  be  pa/Ted  into  a 
glafs  veflel  full  of  water  inverted  in  the  pneumatic 
apparatus.  There  will  then  pals  into  the  glafs 
veffel  an  aeriform  fluid,  which  is  inflammable  air 
or  hydrogen  gas.  •  In  this  procefs  the  water  fuffers 
a  decompofition,  and  while  the  hydrogen  pafles  into 
the  glafs  receiver,  the  oxygen  unites  with  the  fub- 
ftarice  of  the  gun  barrel,  and  oxydates  or  rufts  its 
internal  furface. 

By  means  of  acids,  however,  inflammable  air  may 
be  obtained  in  greater  abundance,  and  with  more 
facility.  When  iron,  zinc,  or  tin,  are  aded  upon  by 
diluted  vitriolic,  or  marine  acid,  confiderable  quan- 
tities of  this  gas  are  extricated.  In  this  cafe  alfo  the 
water  is  decompofed,  as  is  plain  from  the  concen- 
trated vitriolic  acid  not  anfwering  the  fame  ends  as 
the  diluted,  either  in  furnifhing  the  air  or  diflblving 
die  iron,  &c. 

Tl*c  apparatus  for  procuring  this  gas  is  the  fame 
as  that  which  has  been  defcribed  for  producing' 
fixed  air,  only  employing,  inftead  of  chalk,  iron 
filings,  fmall  nails,  fmall  pieces  of  iron-wire,  or 
grofsly  powdered  zinc.  To  thefe  materials  fome 
oil  of  vitriol  and  water  rauft  be  added  in  the  lame 
proportion  as  in  the  procefs  for  producing  fixed  air. 

The  electric  fpark,  taken  in  any  fpecies  of  oil, 
produces  hydrogen  or  inflammable  air,  this  fubftancc 
being  a  conftituent  part  of  all  the  oils.  The  fame 
may  be  ftid  of  ether,  and  alcohol  or  (pirits  of  wine, 
which  contain  a  great  proportion  of  hydrogen. 

Mn 
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-  Mr.  Cavallo  informs  us,  that  he  has  procured 
this  kind  of  air  from  the  ponds  about  London,  in 
the  following  manner.  Fill  a  wide  mouthed  bot- 
tle with  pond-water,  and  keep  it  inverted  in  it; 
then  with  a  ftick  ftir  the  mud  at  the  bottom  of  the 
pond  juft  under  the  inverted  bottle,  fo  as  to  per- 
mit the  bubbles  of  air  which  rife  to  be  received  in 
the  inverted  bottle  ;  and  this  air  will  be  found  to 
be  inflammable. 

The  ignes  fetui  are  fuppofed  te  proceed  from 
the  inflammable  air  which  abounds  in  marfhy 
grounds,  and  to  be  fet  on  fire  by  eleftric  fparka. 

This  gas,  as  well  as  fixed  air,  was  long  known  to 
miners  before  it  was  noticed  by  philofophers ;  and 
among  the  colliers  and  other  workmen  of  that  dais, 
it  obtained  the  name  of  the  fire  damp.     It  is  how- 
ever feldom  found  pure  in  mines  or  coal  works, 
but  is  generally  combined  with  fulphureous  matter, 
or  what  is  called  hepatic  gas,  or  with  carbonic  acid 
air;  and  this  admixture  varies  its  fpecific  gravity, 
and  in  general  renders  it  fomething  heavier  than 
pure  inflammable  air.    The  fire  damp  generally 
forms  a  whitifh  cloud  in  the  upper  part  of  the  mine, 
and  appears  in  fomething  of  a  globular  form  ;  from 
its  levity  it  will  not  mix  with  the  atmofpheric  air* 
,  unlefs  fome  agitation  takes  place;  and  it  is  difpofed 
to  lodge  in  any  little  cavity  in  the  fuperior  part  or  roof 
of  the  mine.     When  it  appears  in  this  form,  the 
miners  generally  fet  fire  to  it  with  a  candle,  l;ring 
at  the  fame  time  flat  on  their  faces  to  efcape  the 
violence  of  the  fhock.     It  will  not,  however,  take 

fire 
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fire  unlefs  in  cohtaft  with  atrnofpberic  air,    for  tbc 
obvious  reafon,  that  a  mixture  of  oxygen  gas  is  ne- 
ceflary  to  its  inflammation.    The  danger  ariies  en- 
tirely from  its  inflammability  on  the  approach  of 
any  ignited  body,  for  when  die  fire  damp  confifh 
of  pure  inflammable  air,  theexploGon  is  like  that 
of  gunpowder;  but  when  it  is  mixed  with  carbonic 
acid,  it  burns  with  a  lambent  flame.    The  cafieft 
and  fafeft  method,  therefore,  of  clearing  the   mine 
irom  this  formidable  fluid  is  by  leading  a  long 
pipe  through  the  (haft  of  the  mine  to  the  afh-pit  of 
a  furnace,  when  the  inflammable  vapour  will  be  con- 
ftantly  attracted  to  feed  the  Are. 

Dr.  Prieftley  has  fufficiently  proved  by  experi- 
ments, that  there  is  no  acid  contained  in  inflamma- 
ble air.    He  alfo  afierts  that  charcoal,  by  the  heat 
of  a  burning  lens,  may  be  almoft  totally  converted 
into  this  kind  of  air,  but  that  fbme  moHlure  is  ne- 
cefiary  in  the  procefs.     The  neceflky  of  moifture, 
however,  to  the  fuccefs  of  this  experiment,  fuffi- 
ciently evinces  the  fallacy  of  the  conckifion  which 
has  been  drawn  from  it.    Perfectly  pure  charcoal, 
abftra&ed  from  every  other  body,  is  indeftructible 
by  heat.    Where,  however,  there  is  moifhue  there 
is  water.    In  this  cafe  the  oxygen  of  the  water  is 
attracted  by  the  carbon,  forming  with  it  carbonic 
acid,  and  the  hydrogen,  the  other  conftituent  pare 
of  water,  rifes  to  the  top  of  the  receiver.     Pure  hy- 
drogen gas  is  the  lighted  of  all  elaflic  fluids,  its 
fpecific  gravity  is  to  that  of  common  air  as  8,04 
is  to  1 00,00  *. 

•  Briflbn,  torn.  ii.  p.  77. 

The 
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The  moft  remarkable  properties  of  this  gas  are, 
1  ft*  its  gtfeat  inflammability,  which  arifes  from  its 
propenfity  to  unite  with  oxygen  and  form  water- 
adly.  Its  extraordinary  levity,  as  already  noticed. 
3dly.  Metals  are  very  eafily  revived  or  jredijced  from 
a  calx  or  oxyd  to  the  metallic  ftate  when  heated  ia  a 
receiver  filled  with  this  air.     This  alfo  arifes  from  its 
attraction  for  oxygen,  which  in  this  cafe  is  expelled 
from  the  calx,  and,  uniting  with  the  hydrogen  in  the 
receiver,  leaves  the  metal  pure,  and  in  its  natural 
ftace.     4tbly.  Plants  vegetate  in  this  fluid  without 
impairing  its  inflammability.      Sthly.  Water  will 
imbibe  about  one- thirteenth  of  Us  bulk  of  this  gas, 
which  may  be  again  expelled  by  heat,  and  will 
then  be  equally  inflammable  as  before.     6thly.  Hy- 
drogen gas,  or  inflammable  air,  is  fatal  to  animal  life  * 
in  proof  of  which  Mr.  Cavallo  relates,  that  the  Abbe 
Fontana,  having  filled  in  his  pretence  a  large  blad- 
der with  inflammable  air,  oegan  to  breathe  it,  after 
having  made  a  violent  expiration.     The  firft  in- 
fpiration  produced  a  painful  oppreilion  on  his  lungs ; 
the  fecond  caufed  him  to  look  pale ;  and  the  third  • 
was  fcarccly  accomplifhed,  when  he  fell  on  his 
knees  through  weaknefs.     Small  animals  are  alfo 
killed  by  a  very  few  infpirations  of  this  noxious 
fluid.     7thly,  This  gas  is  faid  to  have  a  fmaller 
fhare  of  refraftive  power  than  common  air. 

It  is  on  account  of  its  lightnefs  that  hydrogen 
gas  has  been  moft  frequently  employed  in  aerofta- 
tion.  The  method  of  filling  a  balloon  is  only  enlarg- 
ing the  procels  which  has  been  defcribed  for  pro- 
ducing inflammable  air  on  a  fmall  fcale. 

Very 
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Very  plcafing  firewofks  may  be  made  from  das 
gps,  by  filling  bladders  with  it,  and  fixing  brafs  cocks 
to  them,  by  means  of  which  the  gas  may  be  difperfed 
into  any  number  of  glafs  tubes  bent  in  various  fhapes, 
and  with  fmall  holes  in  various  parts  of  them ;  the* 
by  prefllng  the  bladders  more  or  lefs,  as  occaGon  may 
require,  the  gas  will  pafs  into  the  tubes,  and  ifiueocs 
of  the  fmall  holes,  to  which  a  lighted  taper  may  be 
applied ;  by  thele  means  the  air  will  take  fire,  and  wiE 
continue  to  burn  until  the  courfe  of  it  is  flopped  by 
fhutting  the  cock  at  the  neck  of  the  bladder*  Theft 
aerial  fireworks  may  be  made  to  reprefent  different 
figures,  either  moveable  or  immovable,  and  may  be 
ornamented  with  different  colours.  The  white  co- 
loured flame  is  produced  by  hydrogen  gas  procured 
from  common  coal;  again,  by  mixing  an  equal 
quantity  of  this  air  with  atmofpheric  air,  a  flame  of 
a  blue  colour  will  be  produced;  the  pure  hy- 
drogen from  metals  furnifhes  a  red  flame  ;  and  if 
by  breathing,  fome  carbonic  acid  gas  or  fixable  air 
is  added,  the  flame  will  appear  beautifully  ringed 
with  purple  ♦. 

#  See  Briffbn,  torn.  ii.  p.  81. 
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» 

KlfROUS    AlR   OR   GAS. 

Nature  of  this  Fluid.— How  produced.— Its  Properties.— kefifts 
Putrefaction.*— Ah/orbs  and  conderfts  pure  AirJ^tbi  Eudiome- 
ter* 


NITROUS  gas  ought  property  ta  be  confi- 
dered  as  an  intermediate  ftate  of  that  elemen- 
tary fubftance  which  is  the  balls  both  of  azotic  gas 
and  nitrous  acid.  Azote,  perfectly  fa tu rated  with 
oxygen,  forms  pale  nitrous  acid;  with  a  fmaller 
portion,  it  conftitutes  thex  ordinary  orange-coloured 
and  fuming  nitrous  acid  \  with  dill  lefs,  it  becomes 
nitrous  gas;  and  when  wholly  uncombined  with 
oxygen,  is  denominated  azotic  gas.  In  the  ftate  of 
azotic  gas  it  is  infoluble ;  but  in  proportion  to  the 
quantity  of  oxygen  witlt  which  it  is  combined,  its 
difpofition  to  aflfume  an  aeriform  ftate  is  dimimfbed, 
and  its  attraction  for  water  increafed. 
%  In  order  to  produce  nitrous  air,  put  copper,  brafs, 
or  mercury,  firft  into  the  bottle  (with  the  fame  ap* 
paratus  as  for  the  other  airs)  fo  as  to  fill  about  one 
third  of  it,  then  pour  a  quantity  of  water  into  it,  fo 
as  juft  to  cover  the  metal  filings*  and,  laftly,  add 
the  nitrous  acid,  in  quantity  about  one  half  or  one 
Vox..  I.  D  d  third, 
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third,  according  to  the  ftrength  which  is  required 
Nitrous  air  contains,  in  100  grains,  68  of  oxygen, 
and  32  of  azote. 

On  its  relation  tq  the  nitrous  acid  the  diftinguifh- 
ing  properties  of  this  gas  will  be  found  to  depend. 

1  ft.  Nitrous  air  is  as  invifible  and  tr an  {parent  as 
common  air ;  in  its  fmell  it  refcmbles  nitrous  add. 
Though  this  kind  of  air  extinguishes  flame,  it  may, 
by  certain  proceffes,  be  brought  to  fuch  a  liatr, 
that  a  candle  will  burn  in  it  with  an  enlarged  flame, 
and  it  then  becomes  what  Dr.  Prieftlcy  calls  depbh- 
gifticated  nitrous  air.  Its  fupporting  flame  in  this 
inftance  evidently  depends  on  the  large  quantity  of 
oxygen  which  enters  into  its  compofition. 

ad.  When  oxygen  or  empyreal  air   is  added  to 
nitrous  air,  it  imparts  to  it  the  acid  character,  and 
it  becomes  true  nitrous  acid.     Mr.  Cavendiih  im* 
pregnated  fifty  ounces  of  diftilled  water   with  fifty* 
\.~^-*wo  ounce  meafures   of  nitrous  air,  mixed   witi 
as  much  common  air  as  was  ncceffary  to  decom- 
pound it.     The  water  thus  impregnated  was  fenfi* 
bly  acid,  and  being  diftilied,  the  firft  runnings  were 
yery  acid,  and  fmelt  pungent :  what  came  next  had 
no  tafte  or  fmell ;  but  the  laft  runnings  were  very 
weak  nitrous  acid  *. 

3d.  Of  all  the  different  fpeciefc  of  air,  this  feenis 
the  moft  noxious  to  animal  life.  Infc<5ts>  which 
con  bear  azotic  and  inflammable  air,  will  die  imroc* 


Phil.  Tranf.  for  1  /  S4. 
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d  iately  upon  their  being  hrimerfed  in  this,    Evea 
ftfhcs  will  not  live  in  water  impregnated  with  it* 

It  may  feem  extraordinary  that  nitrous  gas,  which 
is   of  ib  deleterious  a  nature,  and  fo  oppofite  in 
its  qualities  to  common  air*  fliould  yet  fubftantially 
confift  of  the  fame  principles,  differing,  however,  in 
the  proportions*    To  remove  the  difficulty,  it  will 
be  neceflary  to  recoiled  what  has  been  more  than 
once  intimated  concerning  the  difference  between 
mixture  and  combination.    In  fimple  mixture  the  two 
bodies  ftill  retain  their  own  diflinft  properties ;  but 
in  chemical  combination  a  third  fubftance  is  formed 
from  the  two,  entirely  different  from  both  in  its  na- 
ture and  properties,     Thys,  from  marine  ackhor 
.   fpirit  of  fait,  and  cauftic  alkali,  both  extremely  cor* 
fofive,  is  formed  that  innocent  and  wholefome  fub- 
ftance, common  fait ;  and  from  two  fubftances  in- 
noxious to  the  human  frame,  fulphur  and  oxygen, 
vitriolic  acid,  or  fpirit  of  vitriol,  is  formed.   In  com- 
mon air,  azottp  and  oxygen  are  indeed  in  a  date  of 
mixture,  but  they  are  not  combined ;  for  to  make 
them  enter  into  a  ftate  of  combination,  the  operation 
of  a  ftrong  agent,  fuch  as  fire  from  the  elc&ric  fpark, 
is  necefiary,  and  without  this,  azote  appears  to  have 
little  or  no  attra&ion  for  oxygen.     In  the  ordinary 
procefc  of  refpiration  the  mixed  fubftances  are  in- 
haled; and  it  is  probable  that  they  are  foon  again 
Separated  in  this  procefs,  and  each  differently  dif- 
pofed  of.    In  nitrous  gas,  the  s^pte  and  oxygen  are 
in  a  fl&te  of  chemical  combination,  and  it  is  a  third 
fubftancfc  different  i{i  qualities  from  both;  it  is, 

D  d  2  indeed* 
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indeed,  an  impeded  nitrous  acid  in  an  aerial  form ; 
though  azote,  therefore,  in  its  fimple  uncombincd 
ftate,  has  no  attraction  for  oxygen,  it  is  different  when 
by  combination  it  becomes  an  acid ;  it  has  then  a 
ftrong  attra&ion  for  that  fubftance  which  is  necef- 
fary  to  give  it  the  true  acid  character,  and  it  will 
abibrb  it  till  it  arrives  at  what  the  chemifts  call  the 
point  of  faturation,  that  is,  till  it  is  made  a  perfect 
acid ;  and  this  is  the  reafon  that  it  fb  rapidly  ar- 
traCts  and  condenfes  the  pure  part  of  the  atmo- 
fphere. 

.   4th.   Nitrous  air  poffefles  the  property  of  pre- 
ferving  animal  fubftances  from  putrefaction,  and  ct£ 
peftbring  thofe  already  pun  id,  in  a  ftill  greater  de- 
gree   than    fixed  air,    and   on  this  the  anrifeptic   - 
power  of  nitre  may,  perhaps,  chiefly  depend*     On 
putting  two  mice,  the   one  juft  killed,  the.  other 
putrid  and  fofc,  into  a  jar  of  nitrous  air,  and  letting 
them  continue  10  it  twenty-five  days,  in  the  months 
of  July  and  Auguft,  there  was  litde  or  no  change 
in  the  quantity  of  air ;  both  mice  were  perfectly 
fweet;  the  fit  ft  quite  firm,  the  flefh  of  the  fecond 
ftill  foft,  but  not  in  the  leaft  putrid.     From  thefc 
experiments  Dr.  Prieftlcy  recommends  nitrous  air 
as  an  amlfcptic.     Unfortunately,  however,  though 
animal  fubftances  may  be  prtferved  from  putre- 
faction for  feveral  months  by  nitrous  gas,  yet  they 
become  dry,  diftorted,  and  offenfive  to  the  palate, 
fo  as  to  render  the  diicovery  of  litde  public  utility. 
.    5th.    The  fpecific  gravity  of  nitrous  air  is  to 
that  of  the  atmofphere  as>  1 195  to  1000. 

6th.  One 
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6th.  One  of  the  moft  remarkable  properties  of 
this   air  is,  that  it  condenfes  or  diminiihes  in  bulk 
with    oxygen    or  dephlogifticated  air,   by  which 
means  it  becomes  a  teft  with  refpedt  to  the  quan- 
tity  of  that  pure  element  contained  in  the  atmo- 
Iphere.     With  pure  dephlogifticated  air  the  dimi- 
nution is  altnoft  to  nothing,  at  the'  fame  time  that  N 
nitrous  acid  in  fome  quantity  is  reproduced  by  the 
decompofition  of  the  nitrous  air  \  but  as  our  atmo- 
sphere is  always  mixed  with  a  confiderable  quantity 
of  azotic  or  phlogifticated  air,  on  which,  nitrous 
air  has  no  effedt,  the  diminution  in  this  cafe  is  never 
fo  confiderable.     Upon  this  principle  the  eudio- 
meter for  meafuring  thp  purity  of  air  is  formed. 

Tq  underftand  the  nature  of  this  inftrument,  let  a 

glafs  tube   (Fig.  4,)  of  about  nine  inches  longi 

clofed  at  one  end,  and  of  about  three- fourths  of  an 

inch  diameter,  be  filled  with  and  inverted  in  water ; 

then  take  a  phial  of  about  half  an  ounce  meaiure, 

filled  with  common  air,  and  plunging  it  under  the 

water  contained  in  the  fame  bafon  with  the  inverted 

tube,  let  that  quantity  of  air  enter  Into  the  tube  s  it 

will  then  r\k  to  the  top  of  the  tube  while  the  water 

fubfides.     Let  a  mark  be  made  on  the  tube  at  the 

height  of  the  water  in  it,  to  fhow  how  much  of  the 

tube  is  filled  by  th^t  meafure  of  ^ir.     In  the  fame 

manner  injedt  four  or  five  meafurcs  of  common  air, 

marking  the  height  of  the  water  at  every  one  re- 

fpeftively.     After  this  procefs,  if  three  meafures  of 

cither  nitrous  or  common  air  are  introduced  into 

the  tube,  they  will  caufe  the  water  to  fubfide  to  the 

D  d  3  third 
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third  mark  $  but  if  two  meafures  of  Common  air 
and  one  meafurc  of  nitrous  air,  or  one  mcafurc  of 
the  common  and  two  of  the  nitrous  air,  are  put 
into  die  tube,  they  will  fill  a  fpace  much  fhort  of 
the  third  mark.  When  thefe  two  kinds  of  air 
come  firft  in  contad,  a  reddifh  appearance  is  per* 
ccived,  which  foon  vanishes,  and  the  water,  which 
at  firft  nearly  reached  the  third  mark,  riles  grado- 
ally  into  the  tube,  and  becomes  nearly  ftationaiv 
after  about  two  or  three  minutes,  by  whir/?  it  ap- 
pears, that  the  diminution  takes  place  gradually. 

Nitrous  ajr  is  neither  foluble  in  wetter  nor  pof- 
feffes  any  figns  of  acidity  $  for  it  has  not  the  power 
of  changing  the  blue  colour  of  vegetables  red,  unlefs 
it  is  mixed  with  common  or  dephlogifticared  air, 
Jby  which  it  acquires  the  true  acid  character  *. 

f  Briffiin,  torn.  ii.  p.  59* 
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Chap.     VII. 


OF    HEPATIC    GAS. 

Nature  of  this  Gas*— Means  of  producing  it.— Its  Properties.— A 
ebirf  Confiituent  of  Sulphureous  Mineral  Waters  j^Tumt  Metals 
Black.— Hota:  decompofedt  &c. 

MGengcmbre,  who  has  made  an  analyfis  of 
9  this  kind  of  air,  regards  it  as  proceeding 
from  pure  hydrogen  and  fulphur.  The  mod  proper 
method  of  obtainin  \  this  air  is  by  pouring  marine 
acid  on  liver  of  fulphur  *,  which  extricates  it  in 
confiderable  quantities.  It  is  equally  produced 
from  all  livers  of  fulphur,  whether  they  are  made 
with  alkalis  or  earths.  By  various  experiments, 
however,  it  -now  feems  to  be  afcertained,  that  as 
hepatic  gas  is  compofed  of  fulphur  and  hydrogen 
in  certain  proportions,  it  cannot  be  produced  except 
water  is  prefent,  the  decompofition  of  which  affords 
the  hydrogen.  Thus,  if  marine  acid  air  is  applied 
to  very  dry  liver  of  fulphur,  fcarcely  any  hepatic  gjis 
is  produced,  from  the  defeat  of  humidity.    Liver  of 

*  A  Tubflance  pfually  formed  froih  fixed  alkali,  or  (alt  of  tar- 
tar,  &nd  faipbur  combined  by  he&t. 

D  d  4  fulphur, 
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fulphur,  when  heated,  affords  hepatic  gas  with  the 
addition  of  mere  water  without  acicL  In  this  cafe 
alfo  the  water  is  decompofed ;  its  hydrogen  unites 
with  part  of  the  ftjlphur  to  form  hepatic  gas,  while 
the  oxygen  of  the  water  uniting  with  another  partj 
produces  vitriolic  acid,  and  this  with  the  alkali 
forms  a  neutral  falc  which  may.be  eaGIy  obtain- 
ed. 

ift.  Hepatic  gas  is  very  foluble  in  water,  which  it 
converts  into  a  ftace  perfectly  rcfembling  that  of  ful- 
phureous  mineral  waters,    ad.  It  detonates  with  vi- 
tal air  when  fet  on  fire.     3d.  It  is  not  clearly  a/cer- 
tained  in  what  manner  fulphur  is  fufpended  in  hepatic 
gas.    Sulphur  melted  by  a  burning  glafs,  in  inflam- 
mable air  over  mercury,  produces  a  fluid  which  fas 
the  properties  of  hepatic  gas ;  and  if  inflammable 
air  is  paffed  through  fulphur  in  fufion  it  is  converted 
into  hepatic  gas.     4th.  The  fmell  of  this  air  is  very 
unpleafant,  and  ics  vapour  has  a  very  difagreeable 
effeft,  upon  many  metallic  fubftapces,  particular)/ 
Jfilver?  lead,  copper,  &c.  deftroying  their  colour,  and 
rendering  them  almoft  black.     5th.  It  is  extremely 
pernicious  in  refpiration.     6th.  It  may  be  decom- 
pofed  by  vitriolic  and  nitrous  air,  by  vital  air,  and 
by  the  contact  of  atmofpheric  aif,  in  which  cafe  it 
depofits  fome  fulphur.   Its  great  attra&ion  for  fome 
&f  the  metals  and  their  calces  makes  it  the  balis  of 
fome  fympathctic  inks. 

The  volatile  alkali,  and  ifioft  of  the  acids,  may 
be  made  to  affume  an  aerial  form,  and  have  been 

diftinguifhed 
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diftinguifhed  under  the  appellation  of  alkaline  and 
ficid  airs;  it  is  unneceflaiy,  however,  to  introduce 
the  iubjelt  in  this  place,  and  it  will  be  better  under- 

flood  when  the  acids  and  alkalies  ^re  treated  of,  as 

they  wilj  be  in  the  fqeceeding  book. 


Chap. 
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'  Chap.     VIII. 

OF    ATMOSPHERIC    AIR. 

jitmofybere  compofed  chiefly  of  Tnuo  Kinds  of  Air.—Centaiiu  ax 
Fixed  Air9  and  occafionally  other  Subfiances.—EffeSr  of  this  Ma- 
ture on  Metals  and  Purple  Dyes.-— Means  of  purifying  the  Aim* 
fiber e  from  Fixed  Air%  and  putrid  Vapours*— EJjc3s  of  Mm/bet 
contained  in  Air.— The  Hydrometer.— Cold  in  the  bigbtr  Repm 
of  the  Atmofpbere.—Cauje. 


WHATEVER  has  been  hitherto  ftatcd  re- 
lative to  the  different  fpecies  of  claftk 
fluids  is  chiefly  important,  becaufc  the  knowledge 
of  thefe  fluids  is  neceffary  to  enable  us  to  compre- 
hend the  nature  of  that  atmofphere  in  which  we 
cxift,  and  which  is  indeed  of  itfelf  one  of  the  prin- 
cipal agents  of  our  exiftence. 

In  treating  feparately  of  the  different  kinds  of  air, 
it  was  neceffary-  in  fome  meafurc  to  anticipate  the 
prefent  fubjeft,  and  to  intimate  that  the  air  of  our 
atmofphere  is  not,  as  was  formerly  fuppofed,  a 
fimple  homogeneous  fluid,  but  that  in  reality  it  is 
pompofed  of  two  different  fluids,  which  have  been 
defcribed  under  the  appellations  of  azotic  and  oxy- 
gen gas,  or  phlogifticated  and  vital  air. 

In  one  hundred  parts  of  atmofpheric  air  there 
are  contained  about  feventy-two  parts  of  azotic  gas 

to 
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to  twenty-feven  of  oxygen,  befides  one  part  of  car* 

bonic  acid  gas  or  fixed  air,  which  is  generally  found 

united  with  them,  or  to  fpeak  in  rouiyl  numbers, 

in  order  to  be  better  understood,  we  may  fay  that 

the  air  of  our  atmofphere  contains  rather  better  than 

one  fourth  of  pure  or.  refpirable  air,  and  that  the 

remaining  three  fourths  are  unfit  for  refpiration,  and 

equally  unfit  for  combuftion,  fince  the  fame  fluid 

which  fupports  flame  is  found  equally  to  contribute 

to  the  fupport  of  animal  life. 

By  the  combuftion  of  any  inflammable  fubftance 
in  a  dofe  veflel  filled  with  atmofpheric  air,  it  will 
be  found  that  about  a  fourth  part  "of  the  whole 
bulk  of  the  air  will  difappear,  and  that  the  com- 
buftion will  gradually  ceafe  in  proportion  as  that 
fluid  is  diminifhed  which  is  neceffary  to  its  fup- 
port. 

The  fame  quantity  is  .deftroyed  by  the  procefs 
of  refpiration.  Putrefa&ton  alfo  fcparates  the  pure 
air  j  and  the  power  of  fcparating,  and  alfo  of  re* 
uniting  the  two  fluids,  which  laft  may  be  done, 
when  both  are  produced  by  artificial  means,  very 
fufficiently  proves  them  diftindt  in  their  nature  and 
properties,  and  alfo  that  they  are  united  in  the  air 
of  oiir  atmofphere. 

Afcotic  gas  being  fpeciftcally  lighter  than  oxygen, 
it  might  naturally  be  fuppbfed,  that  finde  they  only 
exift  in  the  atmofphere  in  a  mixed  ftate,  and  not  in 
a  ftate  of  chemical  combination,  a  fpontaneous  fe- 
paration  would  take  place,  and  that  the  azote  would 
occupy  the  higher  regions  of  the  atmofphere  1 
4  whereas 
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whereas  it  is  found  by  experiments  with  the  eudio- 
meter, that  the  upper  regions  of  the  air  a.£tualrr 
contain  a  greater  proportion  of  oxygen  than  thofe 
nearer  the  furface  of  the  earth.  Whether  this  ;» 
to  be  attributed  to  the  attra&ion  which  azote  mar 
have  for  the  earth,  or  to  fome  unknown  property 
in  the  oxygen,  we  cannot  now  determine,  and  can 
only  take  the  fa&  as  it  ftands,  without  attempting  irs 
explanation  *• 

From  the  great  confiimption  of  oxygen  by  various 
natural  and  artificial  procefics,  it  might  be  expected 
that  a  deficiency  of  this  fluid  in  the  atmofpherc  migfrr 
fbmetimes  occur;  but  the  wifdom  of  Providence  is 
evident  in  this,  as  well  as  in  every  other  inftance ;  for 
we  have  already  feen  that  the  proceffes  in  nature 
which  deftroy  this  air  are  nearly  balanced  by  thofe 
which  produce  it.  A  feries  of  experiments  were  made 
at  Stockholm  by  the  indefatigable  Scheele,  to  afcer- 
tain  the  goodnefs  of  the  air  during  every  day  in  the 
courfe  of  a  year.    He  found  that  the  diminution  by 
the   eudiometer   never    exceeded   one^ third,    nor 
was  lefc  than  right  thirty- thirds.     The  quantity  of 
vital  air  was  leaft  ip  March,  November,  and  Decem- 
ber, and  in  general  lefs  in  the  winter  than  in   the 
fummer  months,  which  may  be  attributed  to   the 
redundant  fupply  of  this  matter  by  the  copious  ve- 
getation which  takes  place  at  that  period.    The  air 

#  A  mixture  of  empyreal  and  inflammable  airs  remaining  aJj 
night9  was  found  the  next  morning  in  t^e  moft  perfect  Hate  of 
mixture,  and  the  ele&ric  fpark  patted  through  them  with  the 
nfoal  effect     Pritfilqfs  Experiments.  Vol*  vx.  p.  27. , 

at 
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at   fea   is  generally  found  in  a  purer  date  than  at 
inland  places. 

Extraordinary  as  this  mixture  of  fluids  in  the 

atmofphere  may  appear,  it  is  effenrial  to  our  health, 

and   even  our  exiftcnce,  and  demonftrates  no  lefs 

the   wifdom  and  goodneis  of  Providence,  than  all 

his  other  beneficial  appointments.    This  pure  vital 

air,  fays  Briflbn,  fo  wholefome,  fo  neceflairy  in  a  mo- 

"  derate  quantity;  like  fpirituous  liquors, or  falutary 

medicines,  muft  be  ufed  with  precaution,  and  would 

be  fatal  in  the  excefs.     If  we  were  indeed  to  breath 

pure  or  oxygen  air  without  any  mixture  or  alloy, 

we  fhould  infallibly  perilh  by  the  unnatural  and  fatal 

accumulation  of  heat  in  our  bodies ;  if,  again,  the 

whole  atmofphere  was  compofed  only  of  vital  air, 

combuftion  would  not  proceed  in  that  gradual  and 

moderate  manner  which  is  neccflary  to  the  purpofes 

of  life  and  of  fociety ;  and  even  iron,  and  the  metals 

themielves,  would  blaze  with  a  rapidity  which  would 

carry  deftruftion   through   the  whole  expanfe  of 

nature. 

The  air  of  our  atmofphere  is,  however,  not  fo 
fimple  a  fubftance  as  to  be  formed  only  of  two  in* 
gradients.  Befides  the  fmall  portion  of  carbonic 
gas  or  fixed  air  which  it  contains,  equal  to  one 
hundredth  part,  as  was  intimated  in  the  beginning 
of  this  chapter,  it  is  alfo  well  known  that  a  large 
portion  of  water  is  ufually  held  in  the  atmofphere, 
fometimes  in  a  ftate  of  perfe&  folution,  or  entirely 
invifible,  and  fometimes  vifible  in  the  form  of  mifts 
and  clouds.    The  atmofphere  is  alfo  the  general 

recipient 
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Wsipieflt  of  all  fhofe  fubftanccs  which  we  fubjeft  tQ 
evaporation,  and  which  preferve  their  aeriform  ftate 
under  its  ordinary  heat  and  preffure. 

From  the  mixed  nature  of  the  mafs,  and  parti- 
cularly from  the  mixture  of  carbonic  *acid  gas  or 
fcxed  air,  feveral  effe&s  are  produced,  and  fome  of 
them  it  may  be  proper  to  notice.  Fixed  air  being 
in  reality  an  imperfedt  acid,  contributes  to  ruft 
Hjetals,  and  to  change  the  colour  of  fuch  purple 
dyes  a*  are  produced  from  vegetable  fubftances. 
This  is  an  efledt  which  moft  perfons  have  noticed, 
(hough  the  caufe  has  not  been  understood*  and  the 
delicate  nature  of  thefe  colours  has  been  almoft 
an  invariable  obje&ion  again  ft  their  ufe. 

The  air  of  the  atmofphere  is  moft  generally  in- 
jured by  the  defti  u&ion  of  the  pure  part,  and  the 
generation  of  carbonic  acid  gas,  as  in  moft  of  the 
procefies  of  com  bullion,  and  in  that  of  refpiration. 
When  it  is  necefiary  to  purify  the  air  from  the  caj^ 
feonic  acid,  which  may  be  too  abundant  In  it,  any 
contrivance  for  bringing  it  into  contaft  with  lime* 
water  will  fuffieiently  anfwer  this  purpofe.  A  cloth 
dipped  in.  that  liquor,  and  fufpended  near  the  floor, 
will  generally  purify  the  air  of  a  room  from  any 
contamination  of  fixed  air. 

Combuftion  or  refpiratipn  are,  however,  not  the 
only  means  by  which  atmofpherio  air  is  injured* 
Phofphorus  of  every  kind,  liver  of  fulphur,  oil  of 
turpentine,  cements  of  wax,  oils  of  mint,  cinna- 
mon, &c.  nitrous  acidr  and  even  nitrous  aether, 
at  once  diminish  and  deprave  it, 

i  The 
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The  air  is  alio  rcmfcrqd  unwholefome  by  tfef 

etblbrptioq  of  putrid*   or   inflammable  vapoury 

the  expiofion  of  gunpowder,  by  oil  paints,  by  tht 

volatile  fgirit  of  fal  ammoniac,  by  fpirits  of  wine, 

by  every  kind  of  perfumery  or  artificial  fcents,  by 

the  vapour  of  new  plaiftercd  walls,  by  all  putrid  fiib- 

fiances,  and  efpecially  by  ftagnate  water ;  thefe  fubr 

ftances  all  diffufe  a  quantity  of  inflammable  air  or  va- 

pour  through  the  furrounding  atmofphere,  and  fom< 

of  them  confume  the  pure  or  vital  part.    Even  the 

vapour  of  pure  water  in  confiderable  quantities  is 

pernicious  to  animal  life  >  Mufchenbroek  obferved, 

that  it  threw  a  bird  unto  great  anxiety  *  tbat  the  va* 

pout  of  vinegar  had  a  fimilar  efie& $  that  the  ya* 

pour  of  fpirit  of  wine  killed  a  bird  s  and  that  feve* 

ral  others  were  fatal  to  life  f. 

From  thefe  fads  it  is  manifeft  that  the  burying  of 
the  dead  in  populous  towns  is  a.  wretched  and  dan* 
gerous  mockery  of  police.  I  know  a  certain  great 
town  where,  in  burial  places  in  the  very  middle  of 
the  town,  the  dead  are  buried  not  fix  inches  below 
the  furface;  and  in  London,  notwithftanding  the 
aft  of  parliament,  what  with  the  prcfent  evafion  of 

•  A  quantity  of  corrupted  fi(h  were  once  thought  to  have 

occafioned  a  violent  epidemic  fever  at  Venice.    The  fame  ef- 

fe&  was  produced  at  Delft,  by  the  corruption  0/  vegetables. 

The  Arabs,  when  defiroas  of  injuring  the  Turks  at  Baflbra, 

break  down  the  banks  of  the  river  near  that  city,  fo  as  to  per* 

'mit  it  to  overflow  a  great  traft  of  land ;  a  violent  fever  is  gene* 

rally  the  confequence  of  the  putrid  mud,  frc.  which  is  left  be* 

hind  after  the  water  is  evaporated.— C*  v.  om  Air,  457. 

\  Cat  alio  on  Air,  p.  447. 

that 
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that  aft,  the  depofiting  in  vaults,  and  the  frequec 
breaking  up  of  the  ground,  and  removing  putrif 
bodies,  the  cafe  is  not  much  better;  and  indeed 
much  might  yet  be  done  to  render  the  air  of  Leu- 
don  more  falubrious  than  it  is. 

I  have  taken  no  notice  of  the  accounts  which  foot 
ingenious  men  have  afforded  us  of  the  falubrity  of 
the  air  in  different  places,  convinced  that  we  arc  not 
as  yet  pofiefled  of  a  complete  tcft  of  the  faiubriry 
of  air;  and  till  this  can  be  procured  our  only  guide 
mull  be  experience. 

By  agitating  putrid  and  inflammable  air  in  di£ 
tilled  water,  or  water  from  which  the  air  has  been 
expelled  by  boiling,  a  confiderable  diminution  w3i 
take  place,  fometimes  above  a  third  of  the  bulk, 
and  the  air  will  be  confiderably  purified*  Thus 
the  agitation  of  the  fea,  and  of  large  lakes,  has  proba- 
bly the  happieft  effeft  in  purifying  the  atmoiphere. 

Dr.  Hales  found  that  air  might  be  breathed 
much  longer,  when  in  the  aft  of  refpiration  it  was 
made  to  pafs  through  feveral  folds  of  cloth  dipped 
in  vinegar,  a  folution  of  fea  felt,  or  oil  of  tartar, 
than  when  no  fuch  contrivance  was  ufed ;  the  reafon 
of  which  is  briefly,  that  thefe  fubftances  abforb  the 
fixable  air  which  comes  from  the  lungs  •• 

Putrid  air  wa$  alio  reftored  by  a  mixture  of  car- 
bonic acid  air.  The  experiment  was,  however,  in 
fome  meafure  rendered  doubtful  by  the  air  having 
been  pafled  through  a  veflel  of  water  in  order  to 
its  admixture.    If,  however,  the  faft  is  well  found- 

•  Hale's  Eff.  p.  266. 

ed, 
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edj  lime  kilns  in  the  vicinity  of  populous  cities 
may  poffibly  not  be  (6  unwholefome  as  is  generally 
imagined,  as  in  thofe  places  the  putrid  air  and  va- 
pours abound  more  than  the  carbonic  acid. 

The  eudiometer  is  a  good  teft  of  air  as  far  as  fe* 
gards  the  diminution  of  the  oxygenous  part  5  but  it 
is  on  the  whole  an  imperfect  inftrument,  as  it  af- 
fords no  means  of  diftinguifliing  the  deleterious  va- 
pours with  which  the  atmosphere  may  occafionally 
be  charged. 

Befides  their  deleterious  properties,  the  mixture 
of  watery  particles  and  vapour  in  air  has  alfo  con* 
fiderable  effeft  with  refpedt  to  its  power  of  con- 
dufting  heat  from  our  bodies.       The  rarity  or 
denfity  of  air  fcems  to  have  little  effedl  with/efpeft 
to  its  conducing  power,  which  indeed  appears  en- 
tirely to  depend  on  the  quantity  of  moifture  it  con* 
tains.   A  moift  air  conducts  heat  with  much  greater 
rapidity  than  a  dry  air.   Whence  (fays  the  ingenious 
Count  Rumford)  c  I  cannot  help  obferving  with 
what  infinite  wifdom  and  goodnefs,  Divine  Providence 
appears  to  have  guarded  us  againft  the  evil  efFedts 
ofexeeflive  heat  and  cold  in  the  atmolphere;  for 
were  it  poflible  for  the  air  to  be    equally  damp 
during  the  fevere  cold  of  the  winter  months,  as  it 
femetimes  is  in  fummer,  its  conducting  power,  and 
coftfequendy  its  apparent  coldnefs,  when  applied 
to  our  bodies,  would  be  fo  much  increafed  by  fuch 
an  additional  degree  of  moifture,  that  it  would  be- 
come quite'  intolerable;   but,  happily  for  us,  its 
power  to  hold  water  in  folution  is  diminifhed,  and 
Vol,  I.  E  c  with 
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Vitb  it  its  power  to  rob  us  of  our  animal  hc*t,  Vf 
proportion  as  its  coldnefs  is  increafed.    Every  body 
knows  how  very  difagreeable  a  very  moderate  de- 
gree of  cold  i$  when  it  is  very  damp;  and  hence  if 
appears,  why  the  thermometer  is  not  always  a  juft 
mcafufe  of  the  apparent  oi*  fenfible  hear  of  the  atr 
mofphere.    If  colds  or  catarrhs  are  occasioned  by 
our  bodies  being  robbed  of  our  animal  heat,  th* 
reafon  is  plain  why  thofe  disorders  prevail  moft 
during  the  cold  autumnal  rains,   and   upon   the 
breaking  *p  of  froft  in  the  fpring.     It  is  likewife 
plain,  whence  it  is  that  fleeping  in  damp  beds  and 
inhabiting  damp  houfes  is  fo .  very  dangerous,  an£ 
why  the  evening  air  is  fo  pernicious  in.,  fummer 
and  autumn,  and  w  hy  it  is  not  fo  in  the  hard  froft* 
of  winter.     It  has  puzzled  many  to  account  for  thf 
manner  in  which  fuch  an  extraordinary  degree,  or 
rather  quantity,  of  heat  is  generated,  which  an  animal 
body  is  fuppofed  to  lofe  if  expofed  to  the  cold  of 
winter,  which  it  communicates  to  the  furrounding 
atmofphere  in  warm  fummer  weather;  but  is  it 
not  more  than  probable,,  that  the  difference  of  the 
quantities    or"  heat  a&ually  loft  or   confumed,  hk 
infinitely  lefs  than  what  they  have  imagined  •?' 

Various  inftruments  have  been  invented  under 
the  general  name  of  hygrometers  f,  for  afcertain- 
ing  the  quantity  of  moifture  contained  in  the  a*-? 

*  Thompfon's  Experiments.     Phil.  Tranf.  Vol.  lxxvi, 

t  'Twb  (tygros)  «  moifture ;"  and  Mfyv,  (iRetnm)  «  * 
meafore."  x 

mofphere. 


n- 


Chap.  8>]  fbt  Hygrometer*  419 

mofphere.    Mod  bodies  attract  moifture,  and  are 
expanded  by  it.     Wood  and  other  folid  bodies  are 
Swelled  by  the  moifture  inlinuatiog  itfelf  between 
the   fibres,  and  confequendy  a  piece  of 'wood  cut 
tranfverfely,  will  be  extended  in  length  by  the  ab- 
forption  of  damp  or  wet.     Cord,  catgut,  &c.  the  fi- 
bres of  which  extend  longitudinally;  will  increafe  in 
thicknefs,  but  will  contraft  in  length  on  the  ap- 
plication  of  moifture.     On  this  laft  principle  the 
common  weather-houfe  is  conftru&ed,   which  is 
no  bad  hygrometer  for  general  purpofes;  the  con- 
traction of  the  ftring  by  wet  forces  the  man  out  of 
the  door,  and  when  by  the  return  of  fine  weather 
the  ftring  or  catgut  is  difpofed  to  refume  its  natu- 
ral lengthy  an  elaftic  wire  ads  upon  it,  and  the  Wo- 
man appears.  The  firft  regular  and  graduated  hygro- 
x  meter  thatdeferves  to  be  mentioned,  as  made  in  this 
country,  was  that  of  the  late  iilgenious  Mr.  Smeaton. 
tie  employed  in  its  conftru&ton  a  flaxen  ftring  of 
three  threads,    commonly  ufed  in  making   nets, 
which,  in  order  to  make  it  attract  the  moifture  rea- 
dily, he  fteeped  in  fait  and  water.     This  he  extend- 
ed along  a  board  properly  graduated,  and  to  one 
part  contrived  to  attach  an  index,  which  ferved  to 
fhew  its  variations,     M.  Sauffure  employed  a  hair 
for  the  lame  purpofe,  which  he  fufpended  by  a 
weight  of  three  grains,  and  contrived  it  to  aft  upon 
an  index  pointing  to  a  graduated  fcale;  and  thi* 
was  found  to  be  a  very  delicate  and  accurate  inftru* 
ment, 
M.  de  Luc,  however,  conceived  that  a  folid 
r~  E  e  a  body 
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body  would  afford  the  mod  accurate  and  dead 
meafure  of  damp  or  drynefs,  and    was  lefe  likdj 
to  be  out  of  order  than  fibrous  and    twitted  fcb- 
ftances.       He  fucceffively  employed    ivory,  boi- 
wood,  and  whalebone  j  but  after  feveral  trials  pre- 
ferred the  latter,  becaule  of  its  great    power  of 
expanfion,  which  fometimes  exceeded  one-eighth  of 
its  length,  and  becaufe  of  its  fteadinefs,   in  stlwip 
coming  to  the  fame  point  in  extreme   moiiturc 
His  hygrometer  therefore  confifts  of  a   very  t&ki 
flip  of  whalebone,  about  1 2  inches  in    length,  2nd 
a  line  in  breadth,  cut  tranfverfely  to  the  diit&QH 
of  the  fibres.     This  he  extends  by  a  fmalf  fprin& 
and  the  variations  may  be  either  meaiured  by  1 
mark  on  the  whalebone  or  by  an  index.      This  is 
at  prefent  the  moft  perfect  hygrqmeter,  and  that 
which  is  in  moft  general  ufe. 

In  the  higher  regions  of  the  atmoiphere  the  cold 
is  found,  to  be  intenfe,  and  yet  the  moifture  is  ge- 
nerally faid  to  be  lefs  abundant,  than  in  thofc  nearer 
the  furface  of  the  earth.     This  was  experienced  by 
all  the  adventurers  in  air  balloons,  as  well  as  by 
thofe  travellers  who  have  afcended  to  the  tops  of 
high  mountains.     It  is  well  known  that  the  fummiB 
of  the  alps  and  other  great  elevations  are  ufual/y  co- 
vered with  fnow.     There  is  indeed  always  a  certain 
height  of  the  atmofphere  where  water  wBl  be  found    I 
at  the  freezing  point,  and  this  has  been  called  by 
philofophers  the  line  of  perpetual  fnow.     The  linc^ 
however,  varies  according  to  climate  and  cirnrm- 
ftances.    On  the  peak  of  Tenerif  it  commences  at 

.the 
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th£. height  of  about  two  miles  and  a  half,  and  in 
England  it  is  generally  found  at  die  height  of  a  mile, 
or  a  mile  and  a  half.    Some  botanifts  have  aflertcd, 
that  the  variation  of  climate  in  afcending  moun- 
tains,   was  difcernible  from  the  vegetables  foundl 
upon  them,  the  plants  whiqh  required  a  mild  tem- 
perature, being  commonly  found  near  the  bottoms, 
and  the  hardier,  and  more  northern  vegetables  to- 
wards the  fummit. 

Different  opinions  have  been  entertained  con- 
cerning: the  cold  in  elevated  fituations.    It  was  for 
a   confiderable  time   imagined,   that  it  depended 
altogether  on   the  rarity    of  the    atmosphere   in 
thoie  regions,  which  is  very  confiderable  \  but  it 
has-  been  remarked,  on  the    authority  of  Count 
Rumford,  that    the  rarity  or  denfiry  of  the   air 
appears  to  have  little  effeft   on    its    conducing 
power.     Some  have  fuppofed,  that  as  the  air  is 
fe  much  rarer  in  the  upper  regions,  lefs  fire  or 
caloric  is  required  to  keep  it  in  a  ftate  of  fluidity, 
aod  confequently  that  there  is  a  real  deficiency  of 
that  element.     The  hypothefis  of  M-  Bouguer*> 
howevei;,  comes  recommended  by  its  fimplicity, 
*nd  by  its  agreement  with  moft  of  the  other  phe- 
nomena of  heat,  and  I  fhall  therefore  adopt  it  with 
only  fome  flight  variations. 

Without  entering  into  the  controverfy  concern- 
ing the  identity,  of  fire  and  light,  it  is  only  rieceflary 
to  affume  as  a  principle  the  well  known  circum- 

*  Reafoas  for  the  cold  on  the  top  of  the  Andes. 

E  e  3  ftance, 
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fiance,  that  the  adion  of  light  is  capable  oi 
ing  heat  in  bodies ;  and  the  equally  well 
fadt,  that  the  aftion  of  light   upon  a 
medium,  through  which  it  is  eafily  tranfixntced,  m 
extremely  feeble.     This  may  be  proved   by  (fee 
eafieft  of  all  poffible  experiments-     If  highly  rec- 
tified fpirits  arc  inclofed  in  a  pure  glafe  phial,  or 
any  perfedtly^  tranfparent  vefieJ*  the  rays   of  ligk 
concentrated  by  the  moft  powerful  burning  gfatfi, 
will  not  inflame  them  j  i£  however,  the  fpirits  at 
placed  in  a  fpoon,  or  if  that  part  of  the  traufpareat 
veflcl  which  is  not  oppofed  to  the  burning  glafs,  is 
coated  with  paint  or  any  fiibftance,  which  inter- 
cepts the  rays  of  light,  imbibes  or  condenfes  them, 
the  fpirits  will  be  inftantly  fee  in  a  blaze.     The 
earth  is  therefore  the  great  receptacle  of  heat,  when 
it  is  abforbed  and  kept  as  in  a  ftore-houfe;   but  the 
furface  of  earth  which  is  expofed  to  the  ftin  on  the 
tops  of  mountains  is  but  very  fan  all,  and  cannot 
imbibe  much  of  the  fun's  heat.     The  rays  from 
the  fan  can  indeed  only  ftrike  the  different  fides  of 
the  mountain  for  a  fhort  period  in  every  day,  and 
in  fome  days,  and  in  fome  parts,  not  at  alL     u  A 
horizontal  plain  alfo  when  the  day  is  clear*  is  ex- 
pofed at  mid  day  to  the  perpendicular  and  undimn 
iiifhed  a&ion  of  the  fun's  rays,  while  they  feH  ob- 
liquely on  a  plain  which  is  much  inclined,  or  on  a 
pile  of  rocks/'     In  thefe  elevated  fituations,  there- 
fore, the  majority  of  the  fun's  rays  pafs  through  a 
tranfparent  medium,  as  through  the  fpirits  inclofed 
in  a  clear  glafs  veffel;  and  there  is  no  mafs  of 
8  .  Opake 
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opake  matter  to  colled  or  condenfe  the  heat.  The 
atmofphere,  therefore,  in  thofe  regions  is  necefiariiy 
colder  than  in  thofe  which  approach  nearer  the  fur* 
face  of  the  earth. 

The  cold  in  thefe  higher  regions  of  the  atmo- 
fphere, may  be  one  caufe  why  vapour*  are  not  col- 
lefted  fo  plentifully  there  as  nearer  the  earth.    The 
clouds  are  feldom  more  than  a  mile  in  height,  and 
they  do  net  often  attain  that  degree  of  elevation; 
From  the  fbmmit-of  a  high  mountain,  therefore, 
the  profpeft  is  inexpreffibly  grand.     The  clouds 
roll    beneath  the  fpe&ator's    feet   like   the    vafl: 
waves  of  a  troubled  ocean;  and  the  forked  light- 
nings play  between  thofe  immenfe  mafles  in  various 
dire&ions;  while  the  great  body  of  air  in  the  vallies 
beneath  (clear  and  tranfparent  as  it  Appears  to  thofe 
who  inhale  it,  but  in  reality  charged  with  vapours) 
appears  like  the  water  of  a  ftagnant  lake,  involving 
riioft  of  the  objedh  in  total  darkneft,  and  partially 
revealing  others,  which  feem  as  if  intended  to  adorn 
the  margin  of  the  flood,  and  fcrve  to  enliven  and 
diverfify  th$  fcene. 


EC4  Chap. 


[    4H    ]  I**** 


Chap.     IX- 


QF    THE   WEIGHT,    ELASTICITY,    AND 
OTHER     GENERAL     PROPERTIES    OF 
'  THE    AIR. 


General  Properties  of  Ahr.—Caufc  ef  its  EUjHcitj^^Ofimtm  if 

,/  the  Ancients*— Torricellian  Experiment*— BmrmmWHt  .—The  & 
Pump  -rWeigbt  andffcdfc  Gravity  of  Air. Immenft  Prtfirt 

of  the  Atmofphere<—ComprrJJibility  of  Air:~Ctepfixg  GlaffetJ— 
EfeSs  of  the  Air's  Elafti city. —Air  Gusts,  6f c . — Mot  it*  of  Pnrti- % 
"cits  in  Bodies.— Nature  of  the  Atmojpbere.—fts  frokeM  BeigSt 


THE  air,  confidered  as  a  fluid,  without  any 
refpeft  to  its  component  principles,  has  alfo 
fome  properties  which  are  of  the  utmoft  itttporwtce 
in  the  fyftem  of  nature  $  and  the  confideration  of 
thefe  properties  will  ferve  to  illuflmc  and  expUin 
the  nature  of  ^11  other  elaftic  fluids* 

Atmolpheric  air,  confidered  in  itfelfc  is  a  pon- 
derous, compreffible,  elaftic,  tranlparent  body,  with- 
out colour,  invifible,  and  mcondeniablc  by  any 
degree  of  cold  that  can  be  produced  in  the  tempe- 
rature of  this  earth.  It  never  becomes  the  confti- 
tuent  part  of  any  body  j  though  its  bales,  that  is, 
oxygen  and  azote,  enter  into  the  compofidon  of 
many. 

The  fluidity  of  the  air  is  caufed  by  the  matter 
of  fire  or  heat,  which  produces  in  it  a  degree  of 

•     elafticity 
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-lafticity  which  always  tends  to  dilate  the  mafi,  and 
which  preferves  the  motion  of  its  parts.  If  the  air 
was  not  elaftic,  it  might  be  formed  into  a  hard 
body,  like  fnow,  when  its  particles  are  prefled  for- 
cibly together. 

It  is  eafy  to  prove  that,  air  adheres,  with  a  confix 
derable  degree  of  force,  to  the  furface  of  bodies ; 
tor  when  water  is  put  into  a  veffel  and  heated,  the 
ftratum  of  air  which  adheres  to  the  fides  of  the 
veffel,  and  which  occupies  a  fituation  between  the 
water  and  the  fides,  foon  becomes  perceptible  there 
in  the  form  of  bubbles,  in  confequence  of  the  rare- 
faftion  which  is  caufed  by  the  heat.     It  becomes 
fenfible  in  the  fame  manner  in  vacuo,  in  confe- 
quence of  the  dilation  occafioned  by  the  preffure 
being  removed  *• 

The  ancients  knew  air  to  be  a  fluid,  but  their 

imperfect  knowledge  of  thofe  fUbftances  in  genera], 

appears  to  have  difabled  them  from  ufing  thofe 

means  which  the  moderns  have  employed  for  draw* 

ing  off  and  expelling  this  fluid  from  a  certain  fpacc 

They  were,  indeed,  uctejrly  unacquainted  with  the 

fad,  that  air  is  a  ponderous  fluid.    They  admitted 

that  there  were  two  kinds  of  bodies  in  nature ; 

heavy  bodies,  fuch  as  (tones,  metals,  and  in  general 

all  bodies  which,  being  left  to  themfeluts,  had  a 

propenfity  to  defcend  $  and  light  bodies,  fuch  as  air, 

flame,  vapours,  &c.  bec&uf^:  thefe  bodies  appeared  to 

them  to  afcend  fpontaneoufly  into  the  upper  regions  of 

the  atmofphere.  They  fuppofed,  therefore,  agreeably 

*  Briflbn,  Torn.  ii.  p.  93. 

to 
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to  this  ftnriment,  that  air  wis  endued  with  abfcte 
levity  i  and  that  all  the  eflfefb  which  the  modem 
Attribute  to  the  principle  of  gravitation,  wfcre  tok 
afcribed  to  the  berrtr  which  nature  had,  accai 
ing  to  them,  for  a  vacuum.     It  was,  therefore,  i 
lohg  prevailing  opinion,  that  air  was  deftittHtrf 
weighty  and  it  is  not  above  a  hundred  andftj 
years  fincc  phik)fopher9  have  bcAi  convinced  d 
this  error.    The  engineers  of  the  Count  de  Me&i 
Great  Duke  of  Florence,  having  received  ordentfi 
raife  fome  water  fifty  or  fixty  feet  by  means  of  t 
common  pump,  perceived,  when   they  made  tk 
attempt,  that  water  would  mount  only  to  a  cam 
height,  after  which  it  appeared  to  them,  by  the  void 
!|>ace  which  they  found,  that  nature  was  recOBcW 
to  a  vacuum,  cr  at  leaft  fuffered  this  defoft  widwef 
thofe  terrible  efle&s  which  ancient  writers  had  p^ 
difled  from  it.    Thi6  apparent  caprice,  on  tilt  j»f 
of  nature,  was  communicated  by  the  engincen  to 
Galileo,  who  pfrid  fom£  attention  to  it;  thoqg&> 
previous  to  this  accident,  he,  as  well  as  all  odie* 
had  fotisfied  himfelf  with  the  common  opinion  « 
the  horror  which  nature  was  fuppofed  to  cntera® 
for  a  vacuum.    He  was  at  lerigth  convinced,  by 
reiterated  experiments,  that  water  would  rift  only  to 
abctat  thlrty-two'feet  perpendicular  in  pwnp$> .*» 
that  the  remainder  of  the  pipe  or  tube,  if  it  ** 
Jonger,  would  be  empty.    He  could  then  fld  hyp 
Tetain  the  opinion  refpe&ing  the  horror  of  a  *** 

cuum,  but  began  to  conceive,  that  this  horror  » 

is 
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its  limitisj  and  that  thefe  phenomena  might  proceed 
from  a  phyficaL  caufe  very  different  from  that  to 
which  they  had  hitherto  been  attributed.   Wha{  he 
had   fulpe&ed,  Toricelli,  his  difciple,  proved  by 
dire&  experiment.     He  firft  made  it  appear  in  the 
year  1 645,  that  a  column  of  air,  as  it  exifts  in  the 
atmofphere,  may  be  placed  in  equipoife  with  a 
column  of  another  fluid,  which  has  the  Urc\c  bale  jr 
at  length,  to  avoid  the  inconvenience  of  a  long  pipe, 
ioftead  of  water  he  made  ufe  of  mercury.   He  took 
a  glafs  tube  (Fig.  5.)  of  two  or  three  inches  dia-r 
meter,  hermetically  fealed  *  at  one  end,  and  open 
at  the  other ;  he  filled  it  with  pure  mercury,  and 
having  flopped  the  orifice  with  his  finger,  he  re* 
verfed  the  tube,  and  placed  the  open  end  in  a  vcfiej 
Hill  of  the  fame  mercury.     He  had  no  fooner  re- 
moved has  finger  than   the   column  of  mercury* 
which  was  about  thirty-fix  inches  long,  was  re* 
duced  to  the  length  of  about  twenty*  eight  inches; 
Now,  if  we  compare  the  experiment  of  Galileo  with 
that  of  Toricelli,  we  fhall  find  that  fluids  aft  in 
counterpoife  to  each  other,  exa&Jy  in  proportion  to 
their  refpe&ive  denfities  3  and  that  the  fame  caufe 
(the  preffure  of  the  air)  which  elevates  water  as 
the  height  of  thirty-  two  feet,  cannot  fuftain  a  column 
of  mercury  above  the  height  of  twenty-eight  or  thirty 
inches.  '    :  • 

Pafchal  added  confiderably  to  die  proofs  of  this 

■ 

♦  CloTfd  by  melting  the  glafs,  aadcqafoUdatbg  it 

doftrine 
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do&iine  which  Torricelli  had  afforded,  and  he  rea- 
soned in  this  manner: — If,  faid  he,  the  air  is  the 
caufe  of  this*  phenomenon,  it  is  becaufe  it  has  pon- 
dcrance  and  fluidity;  it  muft  prefs,  therefore,  in 
the  feme  manner  as  liquids,  and  its  preffure  muft 
be  greater  or  lefs  according  to  its  height;  and  every 
column  of  whatever  fluid  is  placed  in  counterpoife 
with  it,  will  always  be  longer  or  fhorter  in  propor- 
tion to  its  denfity.     Hence  he  proceeded  to  prove, 
that  a  column  of  air   mull  produce  a  preflurc 
greater  or  Jefi,  and  was  cajpable  of  fuftaining  a  co- 
lumn  of  any  fluid  higher  or  lower  in  .proportion  to 
its  own  height,  and  confequently  that  a  column  of 
water,  or  mercury,  at  the  bottom  of  a  mountain,' 
would  rife  higher  in  the  Torricellian  vacuum  than 
at  the  fummit.    M.  Pafch&l  next  prevailed  upon 
his  brother-in-law,  M.  Perrier,  who  was  at  Cler- 
mont in  Auvergne,  to  make  the  following  experi- 
ment at  the  bafe  and  fummit  of  the  mountain, 
known  by  the  name  of  Puy  de  Dome. 

M.  Pesrier  placed  a  tube  of  Torricelli's  upon  a 
perpendicular  plank  (fee  Fig.  5.)  graduated  into 
inches  and  lines ;  and  having  obferved  to  what  height 
the  mercury  was  raifed  in  the  tube  at  the  foot  of  the 
mountain*  he  found  that  it  fell  gradually  in  propor- 
tion as  he  afcended  towards  the  fummit $  and  alfo, 
on  the  contrary,  that  it  rofe  again  in  the  lame  pro- 
portion as  he  defcended :  the  difference  was  found 
to  be  three  inches  and  one  line  between  the  height 
of  the  mfcrcury  at  the  fummit  and  the  bafe:  This 
cxperij&cnt,  fuggefted  by  Pafchal,  and  repeated  fe- 

veral 


<Thap.  9.3  The  Barometer.  ^409 

veral  timeslalwaysprodu<fcd  the  fame  refult ;  whence 
it  was  concluded,  that  mercury  .was  fuftained  above 
its  level  in  the  Torriceliran  tube,  by  the  preffure  of 
the  atrnofphere  upon  the  refcrvoir,  fince  the  mci> 
cirty  in  the  tube  wasobferved  to  fall,  when  the  co* 
lumn  of  air  which  had  the  rtfervoir  for  its  bafc  -was 
dirninifhed  in  height     Thefe  experiments,  in  prov- 
ing incontrovertibly  the  weight  of  air,  have  ,au-x 
thentically  rcftored  to  this  fluid  a  great  number  of 
natural  properties  and  effe&s,  which  were  before 
attributed  to  a  caufe  merely  chimerical. 

M.  Pafchal  afterwards  repeated  the  fame  experi- 
ment with  water,  wine,  oil,  &c.  and  the,  heights  of 
the  columns  of  thefe  liquors  were  always  found  to 
be  proportional  to  their  denfities ;  an  evident  proof 
that  they  were  counterpoifed  by  a  weight,  which 
could  in  thofe  cafes  be  no  other  than  'the  preffure  of 
the  air. 

Many  philofophers  afterwards,  having  procured 

Torricellian  tubes,  placed  them  according   to  the 

manner  of  M.  Perrier,  upon  a  fcale  graduated  into 

inches  and  lines,  and  by  frequent  obfervations  they 

perceived,  that  the  height  of  the  mercury  in  the 

tube  often  varied.    They  concluded,  therefore,  that 

the  preflure  of  the  air,  which  was  the  caufe  of  the 

fufpenfion  of  the  column  of  mercury,  was  ibm£- 

times  greater  and  fometimes  lefs,  and  confequendy 

that  it  afted  more  or  lefs  forcibly  upon  the  human 

frame.    From  thefe  caufes  and  efie&s  the  idea  ^as 

fuggefttd,  of  making  from  the  Torricellian  tube  a 

new  meteorological  instrument,  the  fame  which  is 

now 
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bow  commonly  known  by  the  name  of  a  herom*- 
Ur*. 

Air  ads  upon  barometers  in  two  modes,  by  its 
weight  and  by  its  elafticity.  The  variation*  there- 
fore, of  the  preffure  upon  the  refeivoir  is  produced 
by  two  caufcs,  by  die  variation  in  the  weight  of  the 


•  «  To  fill  a  barometer  tube,  (fays  Mr.  Adams)  I  take  a  clean 
glafs  tube  about  thirty-three  inches  long,  and  poor  quickfilver 
Into  it  by  means  of  a  (mail  paper  funnel ;  you  obferve,  that  as 
the  quickfilvcr  rifes  in  die  tube,  there  are  bubbles  of  air  left 
behind  in  feveral  pans;  I  continue  pouting  the  quickfilver  tiH 
it  fills  the  tube -within  about  half  an  inch  of  the  top.  I  then 
apply  my  finger  hard  and  clofe  upon  the  top  of  the  tube,  and 
invert  it ;  by  which  means  the  air  that  was  on  the  top,  now  ri* 
sing  through  all  the  quickfilver,  gathers  every  bubble  in  its  way. 
I  revert  the  tube  or  turn  it  up  again,  and  the  bubble  of  air  re* 
nicends,  and  if  there  are  any  fmall  bubbles  left,  carries  them 
away ;  if,  however,  any  remain,  the  operation  mufl  be.  repeated* 
I  now  fill  the  tube  to  the  top,  and  placing  my  finger  on  die 
open  end  of  the  tube,  plunge  that  end  into  this  bafon  of  quick* 
silver ;  when  the  end  of  the  tube  is  perfectly  fabmerged  in  the 
quickfilver,  I  take  my  finger  away,  and  you  fee  the  quickfilver 
remains  fufpended  in  the  tube,  leaving  a  vacuum  at  top.  The 
column  of  quickfilver  is  about  thirty  inches  in  height;  now  you 
will  obferve  that  there  can  be  no  air  in  the.  fpace  between  the 
quickfilver  and  the  top  of  the  tube,  for  till  the  finger  that  clofed 
the  orifice  in  the  bafon  was  taken  away,  that  fpace  was  filled 
with  quickfilver,  and  the  quickfilver,  which  was  thirty-three 
inches  high,  funk  in  the  tube,  and  left  that  fpace  free  from  ai^ 
for  no  air  could  get  into  the  tube,  unlefs  it  could  force  its  way 
through  the  quickfilver  in  the  bafon,  and  the  thirty  inches  in 
the  tube ;  or  penetrate  through  the  fealed  end  of  the  tube :  but 
as  fteither  of  thofe  can  be  done,  it  follows,  that  in  the  part  of 
the  tube  which  the  quickfilver  leaves,  there  touft  be  a  vacuum.1' 
jUamfs  Lt&urts.  VoL  i,  p.  32. 
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incumbent  air,  and  by  that  of  its  elafticky.    The 
vr  eight  of  air  varies  according  toits  denfity,  and  its 
inter  mixture  with  other  fubftances  which  are  foluble 
by    it ;  its  elasticity  varies,  according  to  its  denfity, 
*nd  the  quantity  of  heat  with  which  it  is  charged. 
The  greater  part  of  foreign  fubftances  which  inter- 
mix with  air  only,  under  ^he  form  of  elaftic  fluids, 
diminifh  the  weight  of  the  column  of  air,  becaufc 
•they  are  lighter  than  it ;  but  thofe  fubftances  which 
are  foluble  in  air  augment  its  denfity,  and  confe- 
quently  its  weight,  in  the  fame  manner  that  fal{ 
diObLved  in  water  increafes  its  weight  and  denfity, 
.    The  barometer  has,  therefore,  another  property, 
not  lefs  ufeful  to  philofophers  than  that  which  has 
been  already  mentioned.    It  points  out  the  changes 
pf  the  weather,  efpecially  when  they  are  likely  tq 
be  confiderable. 

From  the  numerous  obfervations  and  experiments, 

wjuch  have  been  made  from  time  to  time  upon 

barometers,  the  feven  following  propofitions  hay& 

been  eftablifhed  by  M.  Briffon.    «  Firft,  That  tU 

mean  height  of  mercury*  in  France  is  twenty-feves 

French  inches  and  an  half.     Secondly,  That  the. 

variations  from    this  height  feldom  exceed  three 

ipche,s,  that  is,  that  its  leaft  elevation  is  twenty-* 

fix  inches,  and  its  greateft  twenty-nine.     Thirdly* 

That  thefe  variations  become  lefs  towards  the  equa- 

tor,  and  greater  in  the  northern  climates.  Fourthly, - 

That  when  the  mercury  falls  in  the  barometer  it 

announces  rain  or  wind,  or  in  general  what  is  called 

,  bad  weather.     Fifthly*   On    the  contrary,  when 

the 
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the  mercury  rifes  it  announces  fine  wcatkr. 
Sixthly,  That  thefc  predictions  fail  ibmetimes,  e^e- 
daily  if  the  variations  in  the  height  of  die  mer- 
cury are  very  flow  and  inconfiderable.  SevrntHr» 
That  the  predi&ions  are  almoft  infallible,  when  rfr 
mercury  afcends  or  defcends  confiderably  in  a  Hurt 
time;  as  for  example,  about  one  third  of  an  inch 
(or  three  or  four  lines)  in  the  courfe  of  a  few 
hours  *. 

Thus  in  relating  the  difcovery  of  the  barometer! 
we  have  feen  that  philofophers  were  convinced  due 
an  a&ual  vacuum  might  be  formed.  The  air  pump, 
however,  was  not  diicovered  till  1654.     For  Ac 
firft  invention  of  this,  the  world  is  indebted  to  Otto 
Gueric,  a  German;   but  it  was  our  countryman 
'  Boyle  who  converted  it  to  real  ufes,  it  was  he  wto 
improved  it,  and  applied  it  to  phtiofophical  pur- 
pofes.    In  the  hands  of  Gueric  it  was  a  mechanical 
jnftrument ;  in  thofe  of  Boyle  it  was  a  truly  philo- 
sophical machine.    By  this  machine  we  can  with 
cafe  empty,  a  glafs  veffel  of  its  air,  and  put  what 
bodies  into  it  we  think  fit.    Thus  comparing  the 
changes  wrought  upon  bodies  by  being  kept  from 
air,  with  the  fame  bodies  when  expofed  to  air,  we 
come  to  a  knowledge  of  the  effefts  of  air  upon 
bodies  in  gerieraL 

As  the  air-pump  is  a  machine  yery  generally 
known,  I  {hall  not  attempt  a  new  defcription 
of  it ;  but  for  the  fake  of  thofe  readers  who  are 

•  Briffon.  Vol.  i. 

but 
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bur  little  acquainted  with  phikfophical  apparatus, 
Cake  the  defcription  of  it  from  one  of  the  rrioft  po* 
pular  writers  on  thefe  fubje&s*  in  order  that  its  con* 
ft  ruction  may  be  the  more  eafily  underftood. 

Having  put  a  wet  leather  on  the  plate  L  L  (fee 
Plate  XX.  Fig.  1.)  place  the  large  glafs  veflei  or 
receiver  M  with  its  mouth  downwards  upon  the 
leather,  fo  that  the  hole  i  in  the  plate  may  be 
within  the  glafs.   Then  turning  the  handle  F  hack- 
ward  and  forward/  the  air  will  be  pumped  out  of 
the  receiver  by  the  contrivance  of  the  mechanifm 
below*     As  the  handle  F*  repreienced  more  at 
forge  (Fig.  2.)  is  turned  backwards,  it  raifes  die 
*  fucker  or  pifton  de  in  the  hollow  barrel  B  K  by 
means  of  the  toothed  wheel  E  engraining  in  the 
toothed  rack  D  d :  and  as  the  pifton  or  fucker  is 
leathered  {0  tight  as  to  fit  the  barrel  exa&ly*  no  air 
can  get  between  this  pifton  and  the  barrel,  and 
therefore  all  the  air  above  d  in  the  barrel  is  lifted 
up  towards  B*  and  a  vacuum  made  in  the  barrel 
from  e  to  b :   upon  which  part  of  the  air  in  the 
glafs  M  (Fig.  1.)  by  its  ipring  rufhes  through  the 
hole  1  in  the  b/afs  plate  L  L  along  the  pipe  G  G* 
which  communicates  with  both  barrels  by  the  hol- 
low trunk  I  H  K,  and  pufhing  up  the  valve  b  (a 
valve  is  a  bit  of  leather  that  covers  a  hole  as  the 
flapper  of  a  .bellows,  admitting  the  air  in,  but  luf- 
fcring  none  to  go  back)  the  air  then  railing  the  valve 
enters  into  the  vacuity  b  e  of  the  barrel  B  K.    For 
the  air  will  nafurally  prefs  into  thofe  places  where 
it  is  loft  refitted.    All  this  is  done  by  drawing  the 
.  Vol.  I.  Ff  handle 
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handle  towards  D,— New  turning  the  handle  far- 
ward  the  contrary  way  towards  C,  the  pifton  dt 
is  dtpreffed.rn  the  barrel,  and  as  the  air  which  had 
got  into  the  barrel  cannot  ;be~r  putted  hack  through 
the  valve  b,  for  the  valve  doles  like  the  flapper  of 
a  bellows,  and  will  not  let  the*  air  back  the  way  it 
tame,  the  air  maft  therefore  aicend  through  an  hole 
in  the  pifton,  and  efcapes  through  a  valve  at  ij  and 
is  hindered  by  that  valve  from  returning  into  die 
barrel  when  tfye  pifton  isiagain  raifed.  At  die  next 
railing  of  the-  pifton*  a  (vacuum .  is  again  made  in 
the  fame  manner  as -before,  between  b  2nd  e,  upon 
which  more  of  the  air  which  was  left  in  the  glafi 
receiver  M  gets  out  thence,  and  runs  into  the  more 
empty  barrel  BK  through  the  valve  b.  The  fame 
thing  is  effe&ed  with  regard  to  the  other  barrel 
A  I,  and  as  the  handle  F  is  turned  backwards  and 
forwards,  it  alternately  raiies  and  deprefies  the  pif- 
tons  in  their  barrels,  always  railing  one  while  it 
deprefies  the  other.  And  as  .there  is  a  vacuum 
made  in  each  barrel  when  its  pifton  is  raifed,  every 
particle  of  air  in  the  receiver  M  pufhes)  out  ano* 
ther  through  the  hole  i  and.  pipe  G  G  into  the 
barrels,  until  at  laft  the  air ,  in  the  glafs  receiver 
comes  to  be  fo  much  rarefied  that  it  can  no  longer 
get  through  the  valves,  and  then  no  more  can  be 
taken  out  of  the  receiver.  From  which  it  appears, 
there  is  no  fuch  thing  as  making  a  perfect  vacuum 
-in  the  receiver.;  for  the  air  that  leaves  the  receiver  is 
driven  out  by  that  which  remains  behind,  and  there 
mult  therefore  fome  portion  remain  behind  at  laft.. 
i  This 
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This  is  the  conftru&ion  and  nature  of  the  air- 
pump.     Some  inftruments  at  firft  Contrived  only 
for  explaining  lcience,  become  at  laft*  by  frequent 
tife,  a  part  of  the  fcience  itfelf,  arid  demand  an  equal 
explanation  '  Such  is  the  Cafe  with  this;  and  tht 
reader  muft  pardon  fome  prolixity  in  the  defcriptiori. 
There  is  a  cock  k  below  the  plate  LL,  which 
being  turned  lets  air  into  the  receiver  again.    There 
is  a  glafs  tube  imn  open  at  both  ends^  and  about 
thi'rty-four  inches  long,  the  upper  end  communi- 
cating with  the  hole  in  the  pump  plate;  and  thfc 
lower  end  immerfed  in  quickfilver  at  n  in  the  veflel 
N.  *   To  this  tube  is  fitted  a  wooden  ruler  m  m± 
divided  into  inches  and  parts  of  an  inch  from  the 
bottom  at  n>  where  it  is  upon' a  level  with  the  fur- 
fice  of  the  quickfilver,  and  continued  up  to  the 
top,  a  little  below  /,  to  thirty  or  thirty- one  inches. 
Now  the  quickfilver  In  this  tube  rifes  as  the  air 
Is  exhauft'ed  in  the  receiver,  for  it  opens  into  the 
receiver  through  the  plate  LL.     And  the  more 
the  air  is  exhauftcd,  the  more  will  the  quickfilver 
iifei  fo  that  by  this  means  the   quantity  of  air 
pumped  out  of  the  receiver  may  t>e  very  exaftly 
tneafured  *. 

From  all  the  preceding  fads,  and  efpecially  from 
the  experiment  of  Torricelli,  it  appears,  that  air  is 
a  ponderous  fluid ;  in  other  words,  that  it  poflefles 
gravity,  and  its  weight  may  be  eafily  afcertainecl. 

From  a  large  phial  (or  rather  from  a  flafk,  or 
any  glafs  veflel  of  a  globular  form,  for  reafons  that 

*  Goldfmith's  Philofophy,  vol.  ii.  p.  56. 

F  f  2  will 
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will  afterwards  appear)  to  the  neck  of  which  is  an- 
nexed a  flop-cock,  the  air  may  be  exhaufted  either 
by  means  of  the  air-pump,  or  by  filling  the  flafk 
with  mercury,  and  emptying  it  gradually  in  a  veffd 
containing  a  quantity  of  that  fluid,  and  turning  the 
cock  before  die  neck  is  entirely  extricated,  which 
produces  a  more  perfeft  vacuum  than  that  made  by 
the  air-pump.  Th6  veffel  thus  emptied  of  its  air 
may  be  weighed  by  a  nice  balance ;  and  this  done, 
re-admit  the  air  by  turning  the  cock,  when  it  will 
rufli  in  with  confiderable  violence ;  and  though  the 
flafk  was  balanced  before,  it  will  now  become  hea- 
vier, and  preponderate.  The  air  contained  in  a 
quart  flafk  will  by  this  experiment  be*  found  to 
weigh  about  fourteen  grains  and  a  half. 

To  find  the  fpecific  gravity  of  the  air,  the  flafk  muft 
be  filled  with  pure  water,  and  again  weighed.  The 
weight  of  a  cubic  foot  of  pure  diftilled  water  is  about 
i  ,0oo  ounces  avoirdupois,  and  of  a  cubic  inch  253 
.grains  and  not  quite  one- fifth  *•  Dividing  the  weight 
of  the  water  contained  in  the  flafk,' therefore,  by  this 
number  of  grains,  will  give  the  number  of  its  cubic 
inches ;  and  as  this  furnifhes  us  with  the  number 
of  cubic  inches  of  air  as  well  as  of  water,  their  rela- 
tive gravity  is  eafily  known.  By  feveral  very  ac- 
curate experiments,  Mr.  Haukfbee  fixed  the  fpecific 
gravity  of  air  to  that  of  water  to  be  in  proportion 
as  1  to  885. 

*  ^5  3  •  *  *  grain?.    Decimal  arithmetic  (koald  always  be  tnv 
-pbyed  in  philofophical  calculations,  for  the  fake  of  accuracy. 

By 
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By  means  of  its  gravity,  the  atmofphere  preffes 

1      ^with  great  force  upon  all  bodies,  according  to  the 

'       extent  of  their  furface.     According  to  M.  Pafcal, 

the  quantity  of  this  preffure  is  not  lefs  than  223  a 

pounds  upon  every  fquare  foot  of  furface,  or  up- 

!       wards  of  fifteen  pounds  upon  every  fquare  inch. 

1       Computing,  therefore,  the  furface  of  a  man's  body 

at  15  fquare  feet,  the  whole  prefflire,  which  each 

1        perfon  fuftains,    will  )be  nearly  equal  to  33,486 

l        pounds.    By  this  enormous  preffore  we  fhould  un- 

1        doubtedly  be  crufhed  in  a  moment,  if  every  part 

1        of  pur  body  was  not  filled  with  air,  or  fbme  other 

i         elaftic  fluid,  the  fpring  of  which  is  fufficient  to 

I         counteract  the  preffure. — "  We  are  fearfully  and 

u  wonderfully  made  !,k 
I  The  whole  quantity  of  preffure  upon  the  earthy 

I  x  mult  thus  be  immenfe,  and  has  been  computed 
i  equal  to  that  of  a  globe  of  lead  of  fixty  miles  in 
1  diameter. 

,  It  is  the  gravity  of  the  air  which  caufes  that 

l  ftrong  preffure  upon  the  hand,  when  it  is  placed 

,  upon  the  mouth  of  a  receiver  open  at  the  top,  in 

which  a  vacuum  has  been  made  by  an  air  pumpj' 
for  as  foon  as  the  air  in  the  receiver  has  been  rare- 
fied by  the  aftion  of  the  machine,  it  is  no  longer 
capable  of  fuftaining  the  exterior  preffure  of  the 
air,  as  it  would  have  been  if  its  denfity  had  not 
been  altered.  It  is,  therefore,  the  preponderance  of 
the  weight  of  the  exterior  air,  which  prefles  the 
hand  with  fuch  force  to  the  edges  of  the  receiver  * 
and  this  preffure  is  according  to  the  $ze  of  the 

F  f  3  aperture 
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aperttire  of  the  receiver,  becayfe  the  column  of  ait: 
is  enlarged  in  proportion  ,to  the  diameter  of  the 
aperture. 

Out*  furprife  is  excited  by  obferving,_that  not- 
withstanding this  great  preflure  upon  a  glafs  re- 
ceiver, when  a  vacuum  is  obtained,  the  glafe  is  not 
dafhed  to  pieces  as  might  be  expe&ed.  Its  prefer- 
vation  is  in  a  grfeat  meafure  owing  to  the  rotundity 
of  its  figure,  and  to  the  excefs  of  the  exterior  furface 
over  the  interior;  for  the  fubftance  which  compofes 
the  body  of  the  veffel  refembles,  in  this  cafe,  the  fub- 
ftance whicfy  compofes  an  arch  in  a  bridge.  We 
may  be  convinced  of  the  truth  of  this  obfervatioh 
by  taking  a  receiver  of  another  form,  that  is  open 
at  both  ends,  and  covered  -frith  a  bladder  at  the 
top,  and  beginning  to  exhauft  the  air,  when  the 
gladder  will  infallibly  be  burft  by  the  preflure  of  the 
exterior  atmoipheric  air,. 

,This  gravity  of  the  atmofphere  accomplices 
many  ufeful  purpofes  in  nature,  fiich  as  preventing 
Jhc  Wood  veffels  of  animals,  and  the  fap  veflcls 
of  plants,,  from  being  too  much  diftended  by  the  ex- 
panfiye  power,  which  has  a  perpetual  tendency  to 
fwell  them  out.  On  this  account  we  fee,  that  in  the 
operation  of  cupping,  where  the  preflure  of  the 
air  is  taken  off  from  a  particular  part,  the  expan- 
five  force  inftantly  a£h,  and  fwells  out  the  veflels  lb  a 
great  degree.  This  is  alfo  the  reafon  why  the  bodies 
of  animals  fwell  when  they  are  put  into  an  air  pump. 
Jt  is  owing  to  the  gravity  of  air  that  fubftances 
remain  liquid,  which  would  become  aeriform  in 

vacuo. 
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«■      * 
vacuo.      Salts  and  oils  remain  united  in  air,  but  fe- 
parate as  foon  as  that  fluid  is  extra&ed.    'When 
liot  water  is  put  under  an  exhaulted'  receiver,  ic 
boils  violently;  becaufe  the  preffure  of  the  air  be- 
ing now  taken  off,  there  is  nothing  to  prevent  it 
From  afiuming  the  date  of  vapour. 
-    *  This  preffure  of  the  atmofphere,'  fays  Lavoifier, 
€  caufes  water  to  remain  in  a  liquid  ftate  till  it  is 
raifed  to  21a0.  of  Fahrenheit's  thermometer,  the 
quantity  of   heat  which  it    receives   in  a    lower 
temperature  being   inefficient  to    overcome    the 
preffure  of  the  atmofphere.     Whence  it  appears, 
that  without  this  preflure  we  fhould  not  have  any 
permanent  liquid,  and  fhould  only  be  able  to  fee 
bodies  in  that  ftate  of  exiftence  in  the  very  inftant 
of  nlelting,  as  the  fmalleft  additional  heat  would 
inftantly  feparate  their  particles,  and  'diflipate  them 
through  the  furrounding  medium,     Befides,  with- 
out this  atmofpheric  preffure,  we  lhould  not  even 
have  any  aeriform  fluids,  ftriftly  fpeaking,  becaufe 
the  moment  the  force  of  attraction  is  overcome  by 
the  repulfive  power  of  the  heat,  the  particles  would 
feparate  themfelves  indefinitely,  having  nothing  to 
limit  their  expanfion,    unlefs  their  own    gravity 
might  colleft  them  together,  fo  as  to  form  an  at- 
mofphere*/ 

Air,  being  an  elaftic  fluid,  is  confequendy  com- 
pressible, as  the  very  word  implies  j  the  weight, 
therefore,  of  the  atmofphere  comprefles  its  lower 
parts,  for  in  low  vallies  it  is  more  comprefied,  and 

•  Lavoifier's  Elera.  of  Chemift.  p.  $, 
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has  more  denfity  than  upon  high  mountains;  but 
this  is  not  the  cafe  with  water;  which  not  being  elaf-r 
tic  in  its  ordinary  ftate,  is  hardly  compreffible  at  all ;  - 
fo  that  the  different  portions  of  the  fame  mafs  of  water 
have  nearly  the  lame  denfity  throughout  its  whole  ' 
depth. 

M.  Amoptons  contends,  that  there  is  no  fixing 
any  bounds  to  the  condenfadon  of  air.  Dr.  Halley 
has  afferted,  in  the  Philofophical  Tranfa&ions,  that, 
from  the  experiments  made  at  London  and  Flo- 
rence, it  might  be  fafely  concluded,  that  no  force 
whatever  is  able  to  reduce  air  into  800  times  Ids 
fpace  than  that  which  it  naturally  poflefies  on  the 
furface  of  our  earth. 

It  has  been  proved  by  various  experiments,  that 
a  column  of  comprefled  air  is  diminifhed  in  propor- 
tion to  the  augmentation  of  the  preffure  by  which 
it  is  condenfed. 

The  fimpleft  of  thefe  experiments  is,  to  pour 
a  quantity  of  quickfilver  into*  the  tube  ABC 
(Plate  XIX.  Fig.  6.)  clofed  at  A,  and  open 
at  C.  When  the  tube  is  filled  with  quickfilver  to 
E,  then  the  air  inclofed  in  the  leg  AB,  will  prevent 
its  riiiqg  higher  than  D,  and  the  column  D  B  will 
be  in  equilibrio  with  FBs  confequently  the  quick- 
filver contained  between  FD  will  not  at  all  prefs  on 
the  air  between  A  and  D ;  but  the  column  EF,  a&ing 
with  its  whple  weight  on  the  quickfilver  between 
F  and  D,  caufes  it  to  prefs  on  the  air  at  D,  and 
condenfe  it.  By  increafing  the  quantity  of  quick- 
filver the  cqpdf  nfation  is  increafed ;  and  it  is  found, 

that 
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that  the  fpaccs  into  which  the  air  is  condcnfed  by 
different  weights  are  inverfely  as  thofe  weights,  or 
its  denfity  is  as  the  prefiure  it  bears. 

It  is  however,  very  probable,  after  all,  that  this 
compreflion  does  not  take  place  in  an  extreme  de- 
gree, for  we  know  of  no  body  which  can  be  com- 
prefied  ad  infinitum. 

From  all  that  has  been  ftated,  and  particularly 
from  the  experiment  of  Torricelli,  it  will  be  evi- 
dent, that  the  common  notion  of  fu&ion  is  a  vul- 
gar error;  and  that  when  a  fluid  rufhes  fpontane- 
oufly  into  a  given  fpace,  it  is  in  confequence  of 
the  air  being  expelled,  or  made  thinner  in  that  fpace, 
than  in  that  which  is  contiguous  to  it,  when  the 
prefiure  of  the  atmofphere  alts  upon  the  fluid,  and 
forces  it  to  occupy  the  fpace  from  which  the  air  is 
either  entirely  or  partially  expelled.    This  is  the 
principle  on  which  the  common  pump  is  conftruft- 
ed ;  for  a  vacuum  being  made  in  the  tube  by  the 
Fifing  of  the  pifton,  the  weight  of  the  atmofphere 
prefles  upon  the  circumadjacent  water,  and  forces 
it  up  into  the  body  of  the  pump :  but  this  engine  will 
be  more  particularly  defpribed  in  treating  of  hy- 
draulics. 

The  elafticity  of  the  air  is  now  generally  fup-> 
pofed  to  depend  upon  the  latent  heat  or  fire,  which. 
retains  it-  in  its  fluid  form.  If  we  take  a  blad- 
der well  clofed  at  the  neck,  and  containing  but  a 
fmall  quantity  of  air ;  while  this  bladder  is  expofed 
to  the  prefiure  of  the  atmofphere  it  will  remain  in 
its  primitive  ftatc,  as  when  the  fmall  quantity  of 
air  was  admitted  i  but  if  it  is  placed  under  the  re* 

9  ceiver 
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ceiver  of  an  air  pump,  and  the  machine  let  in  mo- 
tion to  exhauft  the  air  furrounding  the  bladder,  k 
will  begin  to  open  and  fweU>  and  that  in  proportka 
to  the  diminution  of  the  denfity  of  the  air  in  tk 


receiver  *♦ 


Philofophers  have  doubted  whether  this    elaftk 
power  of  the  air  is  capable  of  being  deftroyed  or 
dimihifhed.     Mr.'  Boyle  endeavoured   to  difcoter 
how  long  air  would  retain  its  fpring  after  having 
affirmed  the  grcateft  degree  of  expanfion  his  air 
pump  could  give  it;  but  he  never  obferved  any 
fcnfible   diminution.       Defaguliers  fays,   that  air, 
which  had  been  inclofed  half  a  year  in  a  wind  goo, 
had  loft  none  of  its  elafticity  i  and  Roberval  al- 
iens, that  he  has  prefer ved  air  in  the  fame  manner 
for  fixteen  years ;  and  that  after  that  period  he  ob- 
ferved, that  its  expanfive  proje&ile  force  mpas  the 
fame  as  if  it  had  been  newly  condenfed.     Dr.  Hak$ 
and  Mr.  Haukfbee  on  the  contrary  conclude,  from 
other  experiments,  that  the  elafticity  of  the  air  is 
capable  of  being  impaired  and  diminilhed   by  a 
variety,  of  caufes. 

M.  Lavoifier,  however,  has  fblved  thefe  diffi- 
culties, by  proving,  that  the  elafticity  of  all  gaffes  or 
elaftic  fluids  depends  upon  that  of  caloric,  which 
ieems  to  be  the  moft  eminently  elaftic  body  in  na- 
ture.    Nothing,  lays  he,  is  more  :readily  conceived, 
than  that  one  body  fhould  become  elaftic  by  enter- 
ing into  combination  with  another  body  pofieJTed  of 
that   quality.    €  W?  muft  allow  that  this  is  only 
an  explanation  of  elafticity,  by  an  affumpticm  of 

•  Button,  torn,  ii.  p.  103. 
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lafticity  j  and  that  we  thu*  only  remove  the  diffi-1 
rulty    one  ftep  farther;    and  that  the   nature    of 
*lafticityy  and  the  reafon  for  caloric  being  elaftic, 
remain  ftill  unexplained  V 

On  the  elafticity  and  compreffibiHty  of  air  de* 

pend  the  ftru&ure  and  ufes  of  the  air  gun.     In  thefe 

inftruments  a  quantity  of  air  is  condeafcd  by  various 

contrivances,  in  fuch  a  manner  that  the  condenfing 

force  being  removed,  a  bullet  will  b*  fent  tor  a  con- 

fiderablc  diftance  with  little  or  no  noife,  but  with 

great  force.     €  The  common  air  gun  is  made  of 

ferafs,  and  has  two  barrels.     The  middle  barrtl  K  A 

(fee  Plate  XX.  Fig.  3.)  from  which  the  bullets  arc 

(hot,  and  the  larger  outfide  barrel,  clofed'up  at  the 

end  C  D,  and  in  this  the  air  is  driven  and  kept  eon- 

denfed,  by  means  of  a  fvringe  M,  which  drives' 

the  air  in,   but  fuffers   none  to  go  back.     This 

fyringe  having  been  worked  for  fome  time,  the  air 

is  accumulated  in  great  quantities  in  the  external 

parrel,  and  this  air  may  be  made  to  ftrike  upon  the 

ballK  by  means  of  the  trigger  O,  which  pulls  back 

the  fpiral  R,  and  this  fpiral  opens  a  valve  behind 

the  ball.    When  the  valve  is  open,  the  air  con- 

j       idenfed  in  the  outward  barrel  ruflies  in  behind  the 

ball,*  and  drives  it  out  with  great  violence,  fo  great, 

that  at  twenty- fix  yards  diftance  it  would  drive 

I       through  in  oak  board  half  ao  inch  thick.     If  the 

j       valve  behind  K  is  fhut  fuddenly*   one  charge  of 

I        condenfed  air  may  mtfke  feveral  difcharges  of  bul- 

,        lets.  The  little  pellet  gtfns,  in  the  hands  of  children, 

lhew  alfo  the  force  and  fpring  of  the  airs  for  one 

•  Elem,  of  Chem.  p.  22. 
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pellet  (tapping  die  mouth  of  the  gun  at  one  o; 
and  another  being  driven  in  at  the  oppofltcoi, 
the  air  contained  in  the  bore  of  the  gun  bono 
each  pellet  is  continually  condenfing,  as  the  hinder 
pellet  is  driven  towards  the  forcmoft,  till  at  lafttk 
fpring  becomes  fo  great  as  to  drive  the  forani 
pellet  forward  with  fome  noife  and  violence,  fc 
the  large  air-gun,  however,  the  noife  is  by  no  mas 
fo  great:  upon  its  difcharge  nothing  is  heard  bon 
fort. of  a  rulhing  wind;  and  it  is  very  poffibfc 
that  what  we  are  vulgarly  told  of  lbme  men  kiting 
others  by  loading  their  piftols  with  dumb  powder, 
might  have  proceeded  from  die  filent  effefh  attic 
air-gun  V 

The  air  gun  defcribed  by  the  author  from  whoa 
the  above  is  quoted  has  been  in  a  great  meafat 
fuperfeded  by  one  of  a  more  fimple  conftru&k», 
originally  invented  by  the  late  ingenious  Benjatno 
Martin,    It  is  formed  like  a  common  gun>  wi*1 
fingle  barrel,  and  the  condenled  air  is  contained  in  a 
brafs  ball,  which  fcrews  on  below  the  lock.    Tk 
ball  is  charged  with  a  ftrong  fyringe,  and  is  far* 
niftied  with  a  ftop  cock,  and  fcrews, on  the  cad* 
the  fyrirge  to  be  charged,  and  then,  when  the  cock 
i$  turned,  it  may  be  fcrewed  on  to  the  gun.    Tic 
bullet  is  made  to  fit  the  barrel  very  exa&Iy,  &d  i 
rammed  in  as  the  ball  of  a  mufket.     Each  gun  is 
generally  furniftied  with  two  brafs  balls,  whicA  wflf 
contain  fufficient  air  for  about  twenty  difcharges ; 
and  that  which  is  not  in  prefent  ufe  may  be  carried 

•  Goldfraith's  Philofophy,  Vol.  II.  p.  96. 
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m   the  pocket.    The  gun  is  charged  by  turning 
the  cock9  which  fills  a  fmall  chamber  at  the  butt 
end  of  the  barrel  withNcondenfed  air,  when  the  cock 
may  be  turned  again  to  fave'the  reft  for  further  dis- 
charges. %  The  pulling  of  the  trigger  opens  a  valve, 
and  the  fpring  of  the  air  forces  out  the  bullet,  as  in 
rhe  inftrument  already  defcribed. 

The  elafticity  of  the  air  produces  alfo  confiderable 
effe&s  in  the  natural  world;  for  by  infinuating 
itfelf  into  the  pores  of  bodies,  and  poflefiing  this 
power  of  expanding,  which  is  fo  eafily  excited,  it 
muft  necefiarily  put  the  particles  of  bodies  into 
which  it  infinuates  itfelf  into  a  ftate  of  almoft  per- 
petual ofcillation.  The  truth  of  this  obfervation 
is  evinced  particularly  in  the  air  veffels  of  plants, 
*  which  perform  the  office  of  lungs  -,  for  the  contained 
air,  expanding  and  contra&ing  alternately,  accord- 
ing to  the  increafe  or  decreafe  of  the  heat,  preffes 
the  veflels,  and  cafes  them  again  alternately,  thus 
keeping  up  a  continual  circulation  in  the  fluids. 
Even  entire  columns  of  marble  have  been  known  to 
cleave,  from  the  increafed  elafticity  of  fome  fmall 
bubbles  of  air  contained  in  them, 

Putrefa&ion  and  fermentation  are  proceiTes  de- 
pending entirely  on  the  a&ion  of  the  air ;  for  we 
.  know  by  numerous  experiments,  that  neither  of  thefc. 
changes  will  take  place  in  vacuo,  even  in  fubjc&s 
the  moft  favourably  difpofed  to  them. 

In  fpeaking  of  the  terreftrial  atmofphere  it  has  been, 
intimated,  that  it  is  found  to  be  nearly  the  lamias  to 
compofition  in  all  climates  and  in  all  places,  as  well 

upon 
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upon  the  tops  of  high  mountains  as  in  the  rallies 
below,  but  that  it  is  confiderably  left  denfe  in  pro- 
portion to  the  height.  The  whole  globe  of  the 
earth  is  entirely  enveloped  with  it;  the  whole  at- 
•mofphere  is  carried  along  with  the  terreftrial  orb^ 
both  in  its  diurnal  and  annual  motion,  and  is  a 
principal  operatorin  the  mcchanifmof  nature. 

Various  means  have  been  deviled  for  afcerraihing 
the  height  of  the  atmofphere.  c  Thefe  attempts/ 
feys  Mr.  Adams, c  commenced  fbon  after  it  was  dif- 
covered,  by  means  of  the  Torricellian  tube,  that  ak 
is  a  gravitating  fubftance.  Thus  it  alfo  became 
known  that  a  column  of  air,  whole  bafc  is  a  iquare 
inch,  and  the  height- that  of  the  whole  atmofphere* 
weighs  fifteen  pounds;  and  that  the  weight  of  air  is 
to  that  of  mercury,  as  i  to  io,8oot  whence  it  fol-  ' 
lows,  that  if  the  weight  of  the  atmofphere  is  faf- 
ficient  to  raifc  a  column  of  mercury  to  thtf  height 
of  thirty  inches,  the  height  of  the  aerial  column  muft 
be  ten  thoufand  eight  hundred  times  as  much, 
and  Cpnfequently  a  little  more  than  five  miles 
high. 

c  It  was  not,  however,  at  ariy  time  fuppofedi  that 
this  calculation  could  be  juft;  for  as  the  air  is  an 
elaftic  fluid,  the  upper  parts  muft  expand  to  ah  inv- 
menfe  bulk,  and  thus  render  the  calculation  above 
related  exceedingly  erroneous*  By  experiments 
made  in  different  countries,  it  has  been  found  that 
the  fpaces,  which  any  portion  of  air  takes  up,  are 
reciprocally  proportional  to  the  weight  with  which 
it  is  comprcffed.    Allowances  were  therefore  to  be 

made 
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made  in  calculating  the  height  of  the  atmofphere. 
If  we  fuppofe  the  height  of.  the  whole  divided  into 
innumerable  equal  parts,  the  denfity  of.  each  of 
which  is  as  its  quantity,  and  the  weight  of  the 
whole  incumbent  atmofphere  being  alio  as  its 
quantity,  it.  is  evideqt,  that  the  weight  of  the  in-* 
cumbent  air  is  every  where  as  the  quantity  con* 
tained  in.  the  fubjacent  part,  which  makes  a  dif- 
ference between  the  weights  of  each  two  contiguous 
parts  of  air*  3y  a  theorem  iri  geometry,  where 
the  differences  of  magnitudes  are  geometrically 
proportion*]  to  the  magnitudes  themfelves,  it  ap- 
pears that  thefe  magnitudes  are  in  continual  arith- 
metical proportion;  therefore  if,  according  to  the 
fuppofirion,  the  altitudes  of  the  air,  by  the  addition 
of  new  parts  into  which  it  is  divided,  do  continually 
increafe  in  arithmetical  proportion,  its  deniity  will 
be  diminiihed,  or  (which  is  the  -  fame  thing)  its 
gravity  decreafed  in  continual  geometrical  propor- 
tion. 

c  It  is  now  eafy,  from  fuch  a  feries,  by  making 
two  or  three  barometrical  obfervations,  and  deter- 
mining the  denfity  of  the  atmofphere  at  two  or 
three  different  ftations,  to  determine  its  abfolute 
height,  or  its  rarity  at  any  affignable  height.  CaU 
culations  accordingly  were  made  upon  this  plan ; 
but  it  having  been  found  that  the  barometrical  ob- 
fervations by  no  means  correlponded  with  the  den- 
fity which,  by  other  experiments,  the  air  ought  to 
have  had,  it  was  fufpe&ed  that  the  upper  parts  of 
the  atmofpherical  regions  were  not  fubjeft  to  the 
x  fa,me 
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feme  laws  with  the  lower  ones.  Philosophers,  the* 
fore,  had  recourfe  to  another  method  for  dctcn» 
ing  the  altitude  of  the  atmofphere,  viz.  by  a  ob- 
lation bf  the  height  from  which  the  light  of  the  im 
h  refrafted,  fo  as  to  become  vifiblc  to  us  before  k 
himfclf  is  feen  in  the  heavens.  By  this  method  i 
was  determined*  that  at  the  height  of  forty-fa 
miles  the  atmofphere  had  no  power  of  refra&ka, 
and  confequently  beyond  that  diftance  was  either  i 
mere  vacuum,  or  the  next  thing  to  it,  and  not  a 
be  regarded* 

'  This  theory  foon  became  very  generally  received, 
and  the  height  of  the  atmofphere  was  fpoken  of  as 
familiarly  as  the  height  of  a  mountain,  add  reckoned 
to  be  as  well  afcertained*  if  not  metre  fb,  than  d* 
heights'  of  moft  mountains  are*     Very  great  ok 
je&ions,  however,  which  have  never   yec  been  it- 
moved,  arife  from  the  appearances  of  ibme  meteon, 
like  large  globes  of  fire,  not  unfrequently  to  be  km 
at  vaft  heights  above  the  earth.     A  very  remark* 
able  one  of  this  kind  was  obferved  by  Dr.  Hafiey 
in  the  month  of  March  1719,  whole  altitude  ht 
computed   to  have  been  between  fixcy-nine  and 
feventy- three  and  a  half  Englrih  miles;  its  diameter 
two  thoufand  eight  hundred  yards,  or  upwards  of  a 
mile  and  a  half,  and  its  velocity  about  three  hun* 
dred  and  fifty  miles  in  a  minute.    Others,  appa- 
rently of  the  fame  kind,  but  whofe  altitude  and 
velocity  were  ftill  greater,  have  been  obferved,  par* 
ticularly  that  very  remarkable  one,  Auguft  i8tb, 
17H3,  whofe  diftance  from  the  earth  could  not  be 

left 
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lefs  than  ninety  miles,  and  its  diameter  not  lefi 
tzhan  the  former,  at.  t;he  feme  time  that  its  velocity 
'was  certainly  not  Ids  than  one  thoufand  miles  in  a 

,  ■*,#•»        I  I.I- 

minute.  Fire  balls,  in  appearance  fimilar  to.tbefe, 
though  vaftly  inferior  in  fize,  have  ban  fome times 
obferved  at  the  furface  of  .the  earth.  Of  this  kind, 
one  was  feen  on  board  the  Montague,  4th  Novem- 
ber, 1749,  which,, appeared  as  big  as  a  large  millr 
ft  one;  it  broke  with  a  violent  explofion. 

€  Frorn^  analogical  reafoning,  it  feems  very  pro* 
bable  that  the  meteors,  which  appear  at  fuch  great 
heights  in  the  air,  are  not  eflentially  different  from 
thofe  which,  like  the  fire-ball  juft  mentioned,  are 
met  with  on  the  furface  of  the  earth.     The  per- 
plexing circumftances  with  regard  to  the  former 
arc,  that  at  the  great  heights  above-mentioned,  the 
atmofphere  ought  not  to  have  any  denjity  fufficient  to 
Jupport  Jiamey  or  to  propagate  found;  yet  thefe  meteors 
are  commonly  fucceeded  by  one  or  more  explofions, 
nay,  are  fometimes  faid  to  be  accompanied  with  a 
hiding  noife  as  they  pafs  over  our  heads.     The 
meteor  of  1 7 1 9  was  not  only  very  bi  ight,  infomuch 
that  for  a  fhprt  fpace  it  turned  night  into  day,  bi^t 
was  attended  with  an  explofion,.  heard  over  all  the 
ifland  of  Britain,  occafioning  a  violent  concuflion  in 
the  atmofphere,  and  feeming  to  (hake  the  earth 
itfelf.     That  of  17  83  alfo,  though  much  higher  than 
the  former,  was  fucceeded  by  explofions;  and,  ac- 
cording to  the  teftimony  of  feveral  people,  a  hiding 
noife  was  heard  as  it  paffed.     Dr.  Halley.  acknow- 
.  lcdgcd,  that  he  was  unable  to  reconcile  thqfe  cir- 
Vol.  I.  (f  g  cumftances, 
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eumftances  with  the  received  theory  of  the  height 
of  the  atmoiphere;  as,  in  the  regions  in  which  this 
tacteor  moved,  thtf  air  ought  to  have  been  three 
hundred  thoufand  times  more  rare  than  what  we 
breathe^  and  the  next  thing  to  a  perfeft  vacuum. 

#  In  the  meteor  of  1783,  the  difficulty  is  ftill 
greater,  as  it  appears  to  have  been  twenty  miles 
farther  up  in  the  air.    Dn  Halle^  offers  a  conjec- 
ture, indeed,  that  the  vail  magnitude  of  fuch  bodiet 
inight  compenfate  for  the  thinnefs  of  the  medium 
in   which  they  moved;  whether  or  not  this  was 
the  cafe,  cannot  indeed  be  afcertained,  as  we  have 
fo  few  data  to  go  upon ;  but  the  greateft  difficulty 
is  to  account  for  the  brightnefs  of  the  light.     Ap- 
pearances of  this  kind  are,  indeed,  with  great  proba- 
bility, attributed  to  ele&ricity,  but  the  difficulty  is 
not  thus  removed  .;  though  the  ele&rical  fire  per- 
vades with  great  cafe  the  vacuum  of  a  common 
air-pump,  yet  it  does  not  in  that  cafe  appear  In 
bright  well  defined  fparks  as  in  the  open  air,  but 
rather  in  long  ftrcams  refembling  the  aurora  bo- 
realis.     From  fome  late  experiments,  Mr.  Morgan 
concludes  that  the  ele&rical   fluid  cannot   pene- 
trate a  perfeft  vacuum.    If  this  fhould  be  the  cafe, 
it  fhews  that  the  regions  we  fpeak  of  are  not  fuch 
a  perfeft  vacuum  as  can  be  artificially  made;  but 
whether  they  are  or  not,  the  extreme  brightnefs  of 
the  light  (hews  that  a  fluid  was  prefent  in  thofe 
regions,  fapable  of  confining  and  condenfing  the 
ele&ric  matter  as  much  as  the  kir  does  at  the  fur- 
face  of  the  ground;  for  the  brightnefs  of  thefe 

a  »  •  meteors, 
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meteors,  confidering  their  diftance,  cannot  be  fup- 
pofed  inferior  to  that  of  the  brighteft  flaihes  of 
lightning! 

€  It  appears,  therefore,  that  the  abfolute  height  of 
the  atmofphere  is  not  yet  determined.    .The  be- 
ginning and  ending  of  twilight,  indeed,  (hew,  that 
the  height  at  which  the  atmofphere  begins  to  re- 
9  fraft  the  fun's  light  is  about  forty-four  or  forty-fivfc 
Englilh  miles.    But  this  may,  not  improbably,  be 
only  the  height  to  which  the  aqueous  vapours  are 
carried ;  for  it  cannot  be  thought  any  unreafonable 
fuppofition,  that  light  is  refra&ed  only  by  means  of 
the  aqueous  vapour  contained  in  the  atmofphere : 
and  where  thisjceafes,  it  is  ft  ill  capable  of  fupport- 
ing  the  ek&ric  fire  at  leaft  as  bright  and  (bong  as  at 
the  furface.    That  it  does  extend  much  higher, 
is  evident  from  the  meteors  already  mentioned; 
for  all  thefe  are  undoubtedly  carried  along  with 
the  atmofphere;  otherwise  that  of  1783,  which 
was  feen  for  about  a  minute,  muft  have  been  left 
one  thoufand  miles  to  the  weftward,  by  the  earth 
flying  out  below  it  in  it's  annual  courfe  round  the 
fenV 

9  Adams's  Le&ares,  vol.  L  p.  52.  . 
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C  H  A  P.      X. 

OF    SOUND. 

'Sound  confidered  in  Three  Points  of  Fiew+~Can/ed  by  a 
in  the  Parts  of  Bodies.— Propagated  by  an  Modulatory  Ms*. 
the  Air.— This  proved  by  Experiment. — Glaffes  broken  by  « 
fart  of  the  Voue.—Elafiic  Fluids  not  the  only  Means  eft 
ting  Sound.— Water  or  fetid  Bodies  convey  it. — Velocity  efSi 
—Experiments  en    this   $ubje£.— Echoes. — Wbifptrimg    Gal- 
lery* 

THERE   is  another  property  of  air,  whkfr 
could  not  fo  conveniently  be  introduced  into 
the  preceding  chapter;  I  mean  the  power  of  tranf- 

-mitting  founds. 

Sound  is  produced  by  a  vibrating  motion,  excited 
in  a  fonorous  body  by  a  blow  or  a  (hock  from  ano- 
ther body,  and  the  -fame  motion  is  communicated 
by  this  fonorous  body  to  the  fluid  which  furrounds 
it,  and  tranfmitted  by  this  fluid  to  the  ear,  which  is 
an  organ  admirably  adapted  to  receive  its  impncf- 
fion. 

From  this  definition  it  follows,  that  found  fhopjd 
be  confidered  in  three  different  views;  firft,  with 
relpedt  to  the  fonorous  body  which  produces  it; 
fecondly,  as  to  the  medium  y/hich  tranfmits  it; 
and,  thirdly,  as  to  the  organ  which  receives  the 
impreflion, 

r .     „  ..:-.-  Thofe 
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Thofe  bodies  are  properly  called  fonorous  which 
afford  a  found  diftindt,  and  of  fome  duration,  fuch 
as  bells,  the  firings  of  a  violin,  &c.  and  not  thole 
which  caufe  only  a  confufed  nbife,  fuch  as  a  ftone 
produces  when  it  falls  upon  a  pavement.  When 
bodies  are,  ftri&ly  fpeaking,  fonorous,  they  are  ne<- 
ceflarily  elaftic,  as  will  be  afterwards  proved  5  and 
their  found,  as  to  its  force  and  duration,  is  propor- 
tionate to  their  vibrations. 

Suppofe,  for  example,  the  bell  of  a  clock  to  be 
ftruck  by  any  folid  body,  a  kind  of  undulating  or 
tremulous  motion  is  imparted  to  the  minute  parti- 
cles* and  this  motion  may  be  even  perceived  by 
the  hand  or  fingers  when  applied  to  the  bell. 

To  underftand  this  more  completely,  lgt  us  con- 
ceive that  a  bell  is  compofed  of  a  feries  of  circular 
^ones,  decreafing  in  diameter  all  the  way  to  its  top, 
each  of  which  may  be  confidered  as  a  flat  ring, 
compofed  of  as  many  concentric  circles  as  its  dfick- 
nefs  will  admit  of.  If  this  ring  is  ftruck  at  the 
point  a  (Plate  XX.  Fig.  4.)  the  part  fo  ftruck 
tends  towards  gy  and  at  the  fame  time  the  parts  b 
and  d  tend  towards  i  and  m>  and  this  a&ion  in  thefe 
parts  neceffarily  caufes  the  point  c  to  approach  to- 
wards e  1  by  their  elaftic  power,  however,  thefe 
parts  prefently  regain  the  portion  in  which  they 
were  before  the  bell  was  ftruck ;  but  as  they  return 
with  an  accelerated  force,  they  generally  go  beyond 
the  point  where  they  ought  to  reft.  The  paft  a, 
therefore,  after  having  returned  from  g  to  a3  tends 
towards  /,  the  part  c  towards  b9  and  the  parts  b 
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and  d  towards  k  and  /j  whence  k  happens  that 
the  bell,  at  firft  of  a  circular  form,  really  becomes 
alternately  oval  in  two  different  direftkms ;  it  fol- 
lows then,  that  in  thofe  parts  where  the  curvature 
is  the  greateft,  their  exterior  points  depart  from 
each  ether. 

The  fame  circumflance  happens  to  the  mufical 
cord  of  a  harp,  or  other  (hinged  inftrument,  when 
it  is  touched ;  for,  in  order  to  become  angular,  as 
B  C  D'  or  B*E  D  (Fig.  5.)  it  is  neceflary  that  the 
firing  (hould  be  ftuptchcfl  or  lengthened,  and  confer 
quemly  its  "particles  be  in  forae  mealure  removed 
from  the  point  of  contadb. 

There  are  then  two  vibrations  which  take  $>kce 
in  fonotous  bodies ;  the  general  vibration,  which 

j  -  changes  the  form  of  the  body,  land  the  particular 
vibration,  which  affe&s  the  minute  particles,  in  con- 
fluence of  the  former.    M.  de  la  Hire  has  proved  \ 

j  tharthe  found  is  not  owing  to  the  general  vibration, 
but  rather  to  the  vibration  of  the  particles ;  for  when- 
ever the  two  vibnttiens  can  be  feparated,  it  is  found 
that  the  former  produce*  no  found  j  but  when  the 
general  vibration  is  accompanied  with  a  vibration 
of  the  particles,,  the  latter  it  is  that  rqgulates  the 
duration,  the  force,  and  the  modulation  -of  the 
found:  if,  on  the  contrary  thefe  vibrations  are 
ftopped  or  interrupted  by  touching  the  fonorous 
body,  the  fbuncj  immediately  ceafes*  On  thj*  ac- 
count clock-makers  attach  to  the  hammer,  which 

*  Mem.  de  l\Ac*d.  i jwd  f»  164. 
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ftrikes  the  bell  of  the  clock,  a  fmall  fpring,  which 
elevates  it  again  the  moment  it  has  ftruck,  and  pre- 
vents it  from  remaining  upon  the  bell,  which  woukj, 
confiderahly  deaden  or  deftroy  the  found, 

Acgte  founds  are  produced,  when  the  vibrations 
"of  the  founding  body  are  more  frequent;  grave  or. 
deep  founds,  when  they  are  lefs  fo :  no  medium  be- 
tween acute  and  grave  founds  can  be  found.     So- 
norous bodies  are  faid  to  be  in  unifqp  -when  they 
vibrate  with  the  fame  frequency ;  when  one  vibrates, 
twice  as  fall  as  the  other,  they  differ  by  an  o&ave ; 
and  other  ratios,  with  refped;  to  the  quicknefs  of  vi- 
bration, are  diftinguifhed  by  other  names.     Cords, 
winch  are  fhort  and  tightly  ftretched,  produce  acute 
(bunds  i  thofe  which  are  long  and  lax,  grave  founds.. 
The  motion  or  vibration  of  bodies  at  a  diftance 
from  us  would  not  affedt  our  fenfe  of  hearing  -with? 
out  the  medium  of  fome  other  body,  which  receives 
an  impulfe  from  this  motion,  and  communicates 
die  vibrations  to  our  organs.     Thus  a  hard  blow 
upon  an  anvil  or  upon  a  bell  could  not  be  heard  .by 
us,  even  at  a  very  fmall  diftance,  if  there  was  not  a  \ 

medium  between  thofe  objedts  and  us  capable  of 
tranfmitting  the  vibrations  to  our  auditory  nerves. 
Elaftic  fluids  are ,  the  mod  efFe&ive  mediums  for 
this  purpofe,  and  confequently  the  air  is  the  mod 
common  vehicle  of  found,  which  is  very  eafily 
proved  by  ringing  a  bell  under  the  receiver  of 
an  air-pump,  the  found  it  affords  being  found 
gradually  to  diminifh  as  the  air  becomes  exhaufted* 
Oil  at  length  it  ceafes  to  be  heard,  at  all    That 
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the  air  is  capable' of  being  agitated  with  great  force 
appears  from  the  violent  concuffions  produced-  by 
explofions  of  gunpowder,    as   well   as  from   the 
power,  which  fome  perfons  are  known  to  poflefs,  of 
breaking  dnnking-glaffes  by  means  of  their  voice, 
when  founded  in  unifon  with  the  note  which  the ' 
glafs  would  have  produced  when  ftruck.     The  tre- 
mulous motion  excited  in  the  air  by  founding  bodies 
has  been  fuppofed  analogous  to  the  fucceflive  rings 
which  are  produced  by  difturbing  the  furface  of 
water.     This  hypothefis,  however,  wa&  difproved 
by  the  bbfervation  that  founds,  whether  weak  or 
loud,  always  travel  with  the  fame  velocity,  which 
does  not  hold  true  with  refpeft  to  the  rings  on  the 
furface  of  water,  fince  thefe  move  fafter  or  flower 
according  to  the  force  of  the  caufe  which  excited 
them. 

Every  found  is  rendered  ftronger  or  weaker,  and 
may  be  heard  at  a  greater  oriefs  diftance,  according 
to  the  denfity  *  or  rarity  of  that  elaftic  fluid,  by 
which  it  is  propagated.  According  to  Mr. 
Haukfbee,  who  has  made  deep  refcaiches  into  this 
branch  of  philofophy,  when  air  has  acquired  twice 
its  co«r.mon  denfity  it  tranfmits  found  twice  as  far 
as  common  air  j  whence  he  reafonably  concludes-, 
that  found  increafes,  not  only  in  direft  proportion 

* 

•  That  feme  degree  of  denfity  is  neceflary  in  a  fluid,  to  en- 
able it  to  convey  founds,  is  evident  from'  this  fad,  that  light; 
which  is  a  fluid  extremely  rare,  is  totaUy  deftitute  of  il\s 
np\w.— T&iiic  EUm.  dt  ftyjirve,  torn,  iu  p*  iGz. 
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to    thd*  denfity  of  the  air,  but  in  proportion  to  the 
ftjuare  of  this  denfity. 

If  found  was  propagated  in  an  elaftic  fluid  more 

dehfe  than  the  air,  it  would  be  carried  proportion- 

ably   farther.    I  have  "proved  this,  fays  M.  Brif- 

ion  *^  by  putting  a  fortorous  body  into  carbonic 

acid  gas  or  finable  air;  the  denfity  of  which  is  about 

i    one- third   mori  than  that   of  atmofpherical  air; 

i    the    confequence  was,   that  at  that  time,  and  in 

{    that  fitqation,  the  found  was  very  confiderably  in- 

i     creafed.     For  the  fame  reafon,  the  drynefs  of  th'd 

-     air; '  which  increafes  its  denfity,  his  a  ponfidera* 

i     ble'  efFeft"  in   rendering  found  louder  and  more 

audible.     Sound  is  alfb  much  increafed'by  there- 

.verberatibn  of  the  pulfes  of  the  air  from  thbfe  filr- 

founding  bodies  againft  which  they  ftrike,  whence 

it  happens  that  mufic  is  fo  much  louder  in  a  dole 

apartment  than"  in  the  open  air. 

wElaftic  -fluids  are,  however,  not  the  only  mediums 

through  which  found  may  be  tranfmitted;   for  it 

may  be  propagated  by  means  of  water  and  other 

liquors,  which  may  be  proved  by  immerfing  a  fo- 

norous  body" in  water;  but  it  muft  be  obferved,  that 

in  this  cafe  the  found  *  will  be  lefs  perceptible,  and 

will  not  extend  to  fo  great  a  diftance ,  the  caufe  of 

this  diminution  is,  becaufe  mediums  fof  the  tranf* 

miflion  of  found  fhould  be  elaftic,*  and  that  is  a 

property  which   water  and  other  liquors  poflci* 

only  in  a  very  reftri&ed  degree. 

*  Elem.  de  Phyfique,  torn.  11.  p.  164*    . 

Sound 
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Sound  is  alio  tranfmitted  by  (olid  bodies,  pro-, 
vided  they  poffeft  a  fufficient  degree  of  elafticity  to 
produce  this  effeft. 

Light,  we  have  already  feeri,  is  proje&ed  or  re^ 
fle&ed  with  incredible  velocity  \  but  found  is  trans- 
mitted much  niore  flowly,  and  its  pr ogre  (Bon  is> 
very  perceptible  to  our  fenfes.  The  flafh  frojajt  a 
cannon,  or  even  a  muflcet,  may  h%  feen  fome  fe- 
conds  before  the  found  reaches  our  ears.  As  the 
motion  of  light,  therefore,  Is  inftantaneous  with 
je(pe£t  to  any  moderate  diftance,  this  h^s  been  the 
owtimon  means  employed  for  afeertaining  the  pro- 
grgfs  of  Ipund,  Sir  Ifaac  Newton  obfervesa  that 
iC  all  founding  bodies  propagate  their  motions  on 
\}\  'fides  by  fucceflive  condenfations  and  relaxa- 
tions i  that  i$,  by  an  alternate  progreffion  ancf  return 
pf  the  partiples  /'  and  thefe  vibrations,  when  com-* 
municated  to  the  air,  are  termed  pulfes  of*  found. 
..  AH  pulfes  move  equally  fad..  This  is  proved  by 
experiment}  and  it  is  found  that  they  pafs  about  on$ 
thoufand  one  hundred  and  forty-two  feet  in  a  (econd, 
whether  the  found  is  loud  or  low,  grajre  or  acute  *, 

Some 

•  That"  we  labour  under  a  deception  with  regard  to  tones, 
lind  that  they  become  higher  as  they  come  from  a  greater  dis- 
tance, may  be  inferred  from  mafical  cfropofitkw.  The  greatest 
matters  iu  this  art,  when.  they,  would  imitate  a  diiUmt  echo,  ge- 
nerally take  the  founds  an  oftave  higher.  A  few  years  ago,  a 
fellow  exhibited  in  Weftminfter  the  art  of  imitating  founds  at 
any  diftance  whatever.  I  remarked,  that  whenever  he  defigned 
to  imitate  a  voice  coming  from  a  great  diftance,  he  not  only 
made  the  found  more  low  and  indiiUnft,  but  raifed  the  tone  fe- 

vcral 
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Some  curious  experiments  were  made,  relative  to 
the  propagation  of  found,  by  Meffkurs  de  Thury, 
lVIaraldi,  and  de  la  Caille,  upon  a  line  fourteen 
thoufand  fix  hundred  and  thirty-fix  fathoms  in 
length,  having  the  tower  of  Mount  Lhcri  at  one 
Cfed,  and  the  pyramid  of  Montmartre  at  the  other 
1  extremity  of  that  diftance:  their  obfervatory  was 
1  placed  between  thofe  two  objects.  The  refult  of 
1  their  obfcrvations  were  thefe,  1  ft.  That  found  moves 
one  hundred  and  feventy-three  fathoms  French  in 
a  fecond,  whqn  the  air  is  calm,    ad,  That  found 

vcral  pitches  higher  than  thai  ufed  in  his  nearer  imitations.    J{ 
lew  obfervations  fince  made  upon  founds,  induce  me  to  believe, 
that  they  become  higher  as  they  come  from  a  diftance  more  re* 
mote;  while,  on  the  contrary,  that  they  deepen  the  more. die 
vibrations  approath  the  labyrinth  of  the  ear.    The  following 
eafy  and  common  experiment,  I  think,  will  prore  it.  Take  any 
thing  whatever,  capable  of  giving  a  (band ;  let  it  be  a  common 
poker  for  inftance,  and  tying  on  a  garter1  at  top,  fo  as  that  both 
ends  of  the  garter  are  left  at  liberty ;  thefe  ends  mud.be  roll*.  J 
round  the  fcrft  finger  of  each  hand,  and  then  with  thefe  fingers' 
flopping  the  ears  clofe,  ftrike  the  poker  thus  fufpendedagainft 
any  body  whatsoever.    The  depth  of  the  tone  which  this  new 
mufical  inftrument  returns  will  be  amazing.    The  deepeft  and 
largeft  bell  will  not  equal  it.     Whence  is  this,  unlefs  from  the 
clofe  approach  of  the  founding  body,  whofe  vibrations  are  im- 
mediately communicated  to  the  internal  parts  of  the  ear.    1  am 
fenfible  that  many  objections  may  be  made  to  this  laft  opinion; 
focceeding  experience  aiuft,  however,  determine  whether  it  be 
juft  Or  not :  but  fuch  as  make  them  mud  be  particularly  careful 
not  to  let  their  former  experience  corredt  their  immediate  fen- 
fations.    This  alteration  of  tone,  with  diftance,  however,  muft 
duninifh  bat  by  great  intervals.     GoUfmitVs  Pbihfophy,  vol.  ii. 
p.  195, 1.96. 
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moves  with  the  fame  decree  of  fwiftnefs  whether  it 
is  ftrong  or  weak  •,  for  thefe  gentlemen  obferved* 
that  the  difcharge  of  a  box  of  half  a  pound  of  gun- 
powder exploded  at  Mountmartre  was  heard  at 
Mount  Lheri  in  the  lame  fpace  of  time  as  the 
report  of  a  great  gun  charged  with  nearly  fix  pounds 
of  powder,  jd.  That  the  motion  of  found  is 
uniform;  that  its  velocity  neither  accelerates  nor  cfi* 
minifhes  through  all  the  intervals  of  itsi  progrefs, 
as  H  the  cafe  -with  almoft  every*other  fpecies  of  mo-* 
tion.  4th#  That  the  velocity- of  found  is  die  fanW, 
whether  a  cannon  is  placed  towards  the  perlbn  who 
tears  its  report,  or  turned  a- contrary  way  -y  in  other 
words,  a  great  gun  fir^d  from  the  Tower  of  London 
eaftward*  would  be  heard  at  Wcftminfter  in  the 
-feme  interval  of  time  as  if  it  was  difebarged  towards 
^he  fetrer 'place.  And  if  the  gun  was  ^difchafged  in 
a  direction  perpendicular  to  the  horizon,  it  would  bt 
lieard  as  ibon  as  if  difcharged  In  a  right  line  tqwards 
the  hearer.  By  other  experiments,  however,  the 
progrefs  of  found  appears  to  be  impeded  by  a  ftrong 
Vind,  fo  that  it  travels  at  the  rate  of  about  one  mile 
flower  in  a  minute  againft  a  ftrong  wind  than 
with  it. 

A  knowledge  of  the  progreffion  of  found  is  not 
an  article  of  mere  fterile  curiofity,  but  in  feveral 
jnftances  ufefuls  for  by  this  we  are  enabled 
"to  determine  the  diftance  cf  fhips  or  Other  mov- 
ing bodies.  Suppofe,  for  example,  a  veffej  fires 
a  gun,  the  found  of  tfhich  is  heard  five  feconds 
after  the  flalh  is  feen  5  as  found  moves  1 142  Eng- 

lifti 
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lilh  feet  in  one  fccpnd,  this  ngiftber  multiplied  by 
S  gives  the  diftance  of  5710  feet-  The  fame  prin- 
ciple has  been  already  noticed  as  applied  to  ftorms 
of  lightning  -and  thunder. 

The  waves  or  pulfes  of  found  being  rcflexible  ia 

their  coiirfe  when  they  meet  with  an  extended  folid 

body  of  a  regular  furface,  an  ear  placed  in  the  paf- 

fage  of  thefe  refledted  waves  will  perceive  a  found 

fimilar  to  the  original  found,  but  which  will  fcem  to 

proceed  from  a  body  fituated  in  a  fimilar  pofition 

'     and  diftance  behind  the  plane  of  refledion,  as  the 

1      real  founding  body   is   before  it.     This  refle&cd 

{      found  is  commonly  called  an  echo,  which,  however, 

cannot  take  place  at  lefs  than  fifcy-five  feet;  be- 

!      caufe  it  is  neceffary  that  the  diftance  lhould  be  fuch, 

'       and  the  reverberated  or  refle&ed  found  fo  long  in 

;       arriving,  that  the  ear  may  diftinguifh  clearly  be- 

1       tween  that  and  the  original  found  *. 

'  Refledtcd 

I  •  *  «  It  is  in  general  known,  that  caverns,  grottoes,  moun- 

tains, and  ruined  buildings  return  this  image  of  found.    Image 
we  may  call  it,  for  in  every  refped  it  refembles  the  image  of  a 
vifible  objeft  reflected  from  a  polilhed  furface.  Our  figures  are 
often  reprefented  in  a  mirror  without  feeing  them  ourfclves, 
while  thofe  (landing  on  one  fide  are  alone,  fenftbie  of  the  reflec- 
tion.  To  be  capable  of  feeing  the  reflected  image  of  ourfelves. 
we  muft  be  directly  in  a  line  with  the  image.     Jull  fo  is  it  in 
an  echo;  we  muft  (land  in  the  line  in  which  the  found  is  re- 
flected, or  the  repetition  will  be  loft  to  us,  while  it  may,  at  the 
feme  time,  be  diftindlly  heard  by  others  who  (land  at  a  fmall 
diftance  to  one  fide  of  us.    I  remember  a  very  extraordinary 
echo,  at  a  ruined  fortrefs  near  Louvain,  in-  Flanders.    If  a  per- 
(on  fungi  he  only  heard  his  own  voice,  without  any  repetition^ 

on 
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Refle&ed  found  may  be  magnified  by  much  the 
fame  contrivances  as  are  ufed  in  optics  refpeding 

on  the  contrary,  thoie  who  ftood  at  feme  dtftaitoe,  beta*  the 
echo  but  net  the  voice;  but  then  they  heard  it  with  furprifing 
variation?,  fometimes  louder,  fometimes  fofter*  now  more  near, 
then  more  didant.  There  is  an  account,  in  the  memoirs  of  the 
French  academy,  of  a  limilar  echo  near  Rouen.  The  building 
which  returns  it  is  a  femicircular  court- yard  |  yet  all  buildings 
of  the  fame  form  do  not  produce  the  lame  efie&s.  We  find 
feme  mufic  halls  excellently  adapted  for  founds,  while  others, 
built  upon  the  fame  plan,  in  a  different  place,  are  found  to  mix 
the  tones,  inftead  of  enlarging  them,  in  a  very  diiagreeable 
manner. 

"  As  we  know  the  diftance  of  places  by  the  length  of  time  a 
found  takes  to  travel  from  them,  fo  we  may  judge  of  the  dif- 
tance of  an  echo,  by  the  length  of  the  interval  between  our 
voice  and  its  repetition.  The  mod  deliberate  echoes,  as  they 
*  are  called,  are  ever  the  mod  diftant;  while,  on  the  contrary, 
thofe  that  are  very  near,  return  their  founds  fe  very  quick  as  to 
have  the  interval  almoft  imperceptible ;  when  this  is  the  cafe, 
and  the  echo  is  fo  very  near,  the  voice  is  faid  to  be  increafed 
and  not  echoed;  however,  in  fa&,  the  increase  is  only  made  by 
the  fwiftly  purfuing  repetition.  Our  theatres  and  concert  rooms 
are  bed  fitted  for  mufic  or  fpeaking,  when  they  enlarge  th.e 
found  to  the  greated  pitch  at  the  (mailed  interval :  for  a  repe- 
tition which  does  not  begin  the  word  till  the  fpeaker  has  fiaiih* 
ed  it,  throws  all  the  founds  into  confufion.  Thus  the  theatre  at 
the  Hay-market  enlarges  the  found  very  much;  but  then  at  a 
long  interval  after  the  finger  or  fpeaker*  The  theatre  at  Drury- 
lane,  before  it  was  altered,  enlarged  the  found  but  in  a  finall 
degree;  but  then  the  repetition  was  extremely  quick  in  its  pur- 
fuit,  and  the  founds,  when  heard,  were  therefore  heard  diftincV 
ly.  Dergolife,  the  great  mufical  compofer,  ufed  to  fay,  that  an 
echo  was  the  bed  fchool-miftrefs ;  for  let  a  man's  own  mufic  be 
ever  fo  good,  by  playing  to  an  echo  (he  would  teach  him  to 
improve  it.'*    GtldfmithU  Pkfyopty,  vol.  iL  p.  201—204. 
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ight  :  hence  it  follows,  that  founds  uttered  in  one 
bcus  of  an  elliptical  cavity  are  heard  much  magni- 
fied in  the  other  focus.  The  whifpering  gallery  at 
St*  Paul's  cathedral  in  London  is  of  this  description ; 
a  whilper  uttered  at  one  fide  of  the  dome  is  re- 
flefted  to  the  other,  and  may  be  very  diftindtly 
heard.  The  (peaking  and  ear  trumpets  are  con- 
ftru&ed  on  this  principle.  The  beft  form  for  thefc 
i  inftruments  is  a  hollow  parabolic  conoid,  with  a 
»  ftnall  orifice  at  the  top  or  apex,  to  which  the  mouth 
1  is  applied  when  the  found  is  to  be  magnified,  or 
r  the  ear  when  the  hearing  is  to  be  facilitated. 
I  The  ftrufture  of  the  ear  is  one  of  the  moft  com- 
I  plicated  and  difficult  fubje&s  of  phyfiology,  and  it 
'  could  fcarcely  be  comprehended  without  fome  pre- 
1  vious  knowledge  of  the  constituent  parts  of  the  ani- 
(  mal  frame ;  for  this  reafon  it  will  be  neceflary  to 
,  .  defer  the  confederation  of  the  manner  in  which  we 
t  receive  ideas  of  found,  till  I  come  to  treat  of  that 
!  part  of  the  animal  oeconomy  which  relpefts  the 
1       fenlc  of  hearing. 
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C  H  A  P.       XI. 

WINDS. 

Different  Opinions  concerning  the  general  Caufe  of  Winds.— Of  Ge- 
neral or  Trade  Winds.~Of  Moufions.—Of  Sea  and  Lana 
Brcex.es.— Caufes  of  tbefc.— Variable  Winds*— Storms.— Hnrt*- 
canon— The  Harmattan.—Tbt  Sirocco  Wind*—Tb$  S*W.— > 
Mowing  Pillars  of  Sand.— The  Simoom*— Whirlwinds.— Ipaset- 
Jpouts* — Tornadoes* 

THE  opinions  of  philofophers  have  varied 
much  refpe&ing  the  caufe  of  winds,  and 
many  of  their  theories  are  little  more  than  mere 
conjeftures ;  fcut  it  muft  be  confefled,  diat  electri- 
city and  a  chemical  knowledge  of  air  have  latterly 
in  fome  degree  improved  our  imperfedt  acquain- 
tance with  thefe  aerial  currents. 

It  has  been  already  obferved,  that  air  is  expanded 
by  heat,  and  its  fpring  confequently  increafed ;  and 
it  is  well  known  alfo  that  its  elafticity  is  weakened  by 
cold  or  freezing  mixtures.  From  experiments  which 
have  been  made  for  the  illuftration  of  thefe  proper- 
ties of  air,  we  are  enabled  to  point  out  the  caufes  of 
many  phenomena  that  occur  in  the  atmofphere. 

When  a  fire  is  made  in  the  open  air,  the  rare- 
fied part  of  that  fluid  will  afcend  in  a  current, 
and  die  cooler  and  denfer  air  will  rufh  in  on  all 
fides,  in  confequence  of  which  a  wind  is  generated, 

which 
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which    blows  conlbmtly  to  Wards  the  fire.-  - .  The 

wind    produced  in  this  manner  will  be  too  in- 

confidcrable  to  be7>erceived  at  any.  great  diftance* 

but     the   rarefaftions  which  ~ari(e   from   natural 

caufes  may  be  fuch  as  to  agitate  our  atmojphcre 

Sufficiently  to  produce  thofe'  torrents  of  air  which 

have  always  a  powerful  eflfeft  in  nature,  and  whiofc 

fome times  overwhelm  and  deftroy  the  faireft  prt>-» 

duftions  of  human  art. 

M,  Briffon  is  inclined  to  believe,  that  dedfcricitjr 
is  the  firft  and  general  caufe  of  all  variable  winds  £ 
€  Thunder  and  water-  fpouts  V  %s  he,  c  are  no# 
acknowledged  to  be  ek&rical  phenomena,  and  thefe 
1  are  frequently  accompanied  with  formidable  winds** 
Why  may- not  the  caufe  which  produces  thefe  phe- 
nomena be  al  lb  that  of  the  winds:  which  accompany 
them  ?  If  eleftricity  is  the  caufe  of  thefe  winds,  why 
may  it  not  be  the  caufe  of  the  others  f  ?' 

Winds  are  cgmrnonly  divided  into  three  clafles/ 
viz.  general,  periodical,  and  variable  winds.  . 
-   General  or  permanent  toinds  blow  always  nearly 
in"  the  fame  diredtion.     In  the  Atlantic  and  Pacific 
Oceans,  under  the  equator,  the  wind  is  almoft 
always  eafterly;  it  blows,  indeed,  in  this  direc- 
tion, on  both  fides  of  the  equator  to  the  latitude  of  a8°. 
More«to  the  northward  of  the  equator,  the  wind  ge- 
nerally blows  between  the  north  and  eaft,  and  the  far- 

\ 

-.  *  Of  the  latter  I  entertain  many  doubts,  at  leaft  as  to  elec- 
tricity being  the  proximate  or  efficient  caufe.  See  the  latter 
part  of  this  chapter.' 

t  Briffon,  Traite  Elem.  de  Phyfique,  toni.  ii.  p.  180. 
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tber  north  we  proceed,  we  find  the  wind  to  blow  in 
*  more  northern  dirc&ion ;  more  to  the  fouth  ward  - 
of  the  equator  it  blows  between  the  fouth  and  eaft, 
and  die  farther  to  the  fouth,  the  more  it  comes,  ill 
that  dire&ion. 

Between  the  parallels  of  28*  and  40*  (both  las. 
in  that  trad  which  extends  from  jo°  weft  to  ioo# 
eaft  longitude  from  London,  the  wind  is  varia- 
ble, but  it  mod  frequently  blows'  from  between 
die  N.  W,  and  S.  W.  fo  that  the  outward  bound 
Eaft  India  /hips  generally  run  down  their  calling  on 
the  parallel  of  360  fouth  *• 

Navigators  have  given  the  appellation  of  trade-* 
winds  to  thefe  general  winds. 

Thofe  winds,  which  blow  in  a  certain  dire&ion 
for  a  time,  and  at  certain  ftated  feafons  change  and 
blow  for  an  equal  fpacc  of  time  from  the  oppofite 
point  of  the  compafs,  are  called  menfoons.  Dur- 
ing the  months  of  April,  May,  Jijnc,  July,  Au- 
guft,  and  September,  the  wind  blows  from  the 
fouthward  over  the  whole  length  of  the  Indian 
Ocean;  viz.  between  the  parallels  of  28°  N.  and 
28°  S.  lat.  and  between  the  eaftern  coaft  of  Africa 
and  the  meridian  which  paffes  through  the  wefterOv 
part  of  Japan ;  but  in  the  other  months,  O&ober, 
Novctaber,  December,  January,  February,  and 
March,  the  winds  in  all  the  northern  parts  of  the 
Indian  Ocean  fliift  round,  and  blow  dire&ly  con* 
trary  to  the  courfc  they  held  in  the  former  fix 
.months.    For  fome  days  before  and  after  the  change, 

'  •  fee  NkholfoD'i  PhiL  vol.  In  p.  56. 
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there   are  cAlms,  variable  winds,  and  tremeridotis 
ifcorms,  with  thunder,  &c. 

Philofbphers  differ  irt  their  opinions  receding 
the  caufe  of  theft  periodical  winds j  but  a  mod  pro- 
liable  theory  of  the  general  trade-winds  is,  that  they 
are   occasioned  by  the  heat  of  the  fun  In  the  region* 
about  the  equator,  where  the  air  is  heated  to  a  greater 
degree,    and  confequently  rarefied  more  than  in 
the  more  northern  parts  of  the  globe.     From  thii 
fcxpanfiort  of  the  alt  iti  thefe  tropical  regions,  the 
denfer  air,  in  higher  latitudes,  rufiies  violently  to- 
wards the  equator  from   both  fides  6(  the  globe. 
By  this  conflux  of  the  denfer  air,   without   any 
other  circumftances  intervening,  a  dineft  northerly 
Wind  would  be  produced  in  the  northern  tropic, 
and  a  fouthern  one  in  the  other  tropic  5  but  as  the 
'earth's   diurnal   motion  varies    the    diredt    influ- 
ence of  the  fun  over  the    furface  of  the  earth, 
and  as  by  that  motion  this  influence  is  communi- 
cated from  eaft  to  weft,  an  eafterly  wind  would  be 
produced*  if  this  influence  alone  prevailed.     On  ac- 
count of  the  co-operation  of  thefe  two  cables  it 
the  fame  time,  the  trade-winds  blow  naturally  frbm 
the  N.  E.  on  the  north,  and  from  the  S.  E.  od  th£ 
fouch  of  the  line>  throughout  the  whole  year ;  But 
as  thev  fun  approaches  nearer  the  tropic  of  Cmcir  in 
our  fumtner  feafon,  the  point  towards  which  thefe 
winds  are  dire&ed  will  not  b*  invariably  the  fanpe, 
but  they  will  incline  more  towards  the  north  ih  that 
feafon,  and  more  towards  the  fouth  in  our  winter. 
The  land  zxAfea  breezes  in  the  tropical  climates 
jttay  be  confidercd  as  partial  interruptions  of  th*  ge- 

H  h  a  neral 


408  Land  and  Sea  Breezes.  [Book  V. 

ncral  trade  winds,  and  the  caufe  of  thefe  it  is  not  very 
difficult  to  explain.  From  water  being  a  better  con-* 
du&or  of  heat  than  earth,  the  water  is  always  of 
a  qiore  even  temperature.  During  the  day,  there- 
fore,  the  land  becomes  confiderably  heated,  the  air 
rarefied,  and  confequently  in  the  afternoon  a  breeze 
fets  in  from  the  fea,  which  is  lefe  heated  at  that  time 
than  the  land.  On  the  other  hand,  during  the 
night  the  earth  lofes  its  fundus  heat,  while  the  fea 
continues  more  even  in  its  temperature.  Towards 
morning,  therefore,  a  breeze  regularly  proceeds  from 
the  land  towards  the  ocean,  where  the  air  is  warmer, 
and  confequently  more  rarefied  than  on  fhore. 

The  caufe  of  the  monfoons  is  not  fo  well  under- 
ftood  as  that  of  the  general  trade  winds;  but  what 
has  been  juft  remarked,  fuggefts,  at  leaft,  a  probable 
theory  on  the  fubjeft.  It  is  well  known,  that  at  the 
equator  the  changes  of  heat  and  cold  are  occaiioned 
by  the  diurnal  motion  of  the  earth,  and  that  the  dif- 
ference  between  the  heat  of  the  day  and  the  night  is 
almoft  all  that  is  perceived  in  thole  tropical  regions; 
whereas  in  the  polar  regions  the  great  viciffitudes  of 
heat  and  cold  are  occafioned  by  the  annual  motion  of 
the  globe,  which  produces  the  fenfible  changes  of 
winter  and  fummer  -,  confequendy>  if  the  heat  of  the 
fun  was  the  only  caufe  of  the  variation  of  the  winds, 
the  changes,  if  any,  that  would  be  produced  by  thofe 
means  in  equatorial  regions,  ought  to  be  diurnal  only, 
but  the  changes  about  the  pole  fhould  be  experienced 
only  once  in  fix  months.  As  the  effefts  arifing  from 
the.  heat  of  the  fun  upon  the  air  muft  be  greater  at 
the  equator  than  at  the  poles,  the  changes  of  th* 
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"wind  arifing  from  the  expanfion  of  the  air  by  the 
fun's  rays  muft  be  more  fteady  in  equatorial  than 
in  polar  regions.    The  incontrovertible  evidence  of 
tiavigators  proves  this  truth,  that  winds  are  more 
variable  towards  the  poles,  and  more  conftant  to* 
,wards  the  equator.     But  in  fummer,  the  conti- 
nual heat,  even  in  high  latitudes,  comes  to  be  fen- 
fibly    felt,   and  produces    changes  on  the  wind, 
which  are  diftinttly  perceptible.   In  our  own  cold  re* 
gion,  the  effefts  of  the  fun  on  the  wind  are  felt 
during  the  fummer  months  ;  for  while  the  weather 
in  that  feafon  of  the  year  is  fine,  the  wind  generally 
1      becomes  ftronger  as  the  time  of  the  day  advances, 
1      and  dies  away  towards  the  evening,  and  aflumes 
that  pleafing  ferenity  fo  delightful  to  our  feelings* 
Such  are  the  diurnal  changes  of  the  wind  in  north* 
cm  climates.      The  annual  revolution  of  the  fur» 
produces  ftill  more  fenfible  eflefts.  The  prevalence 
of  the  weftern  winds  during  fummer,  we  may  at- 
tribute to  this  caufc,  which  is  ftill  more  perceptible 
in  France  and  Spain;   becaufc  the    continent  of 
land  to  the  eaftward,  being  heated  more  than  the 
waters  of  the  Atlantic  Ocean,   the  air  is  drawn, 
during  that  feafon,  towards  the  eaft,  and  oonfe- 
quendy  produces  a  weftern  wind. 

But  thefe  effe&s  are  much  more  perceptible 
in  countries  near  the  tropics  than  with  us.  For 
when  the  fun  approaches  the  tropic  of  Canceri 
the  foil  of  Perfia,  Bengal,  China,  and  the  ad- 
joining countries,  becomes  fo  much  more :  heat- 
ed than  the  fea  to  the  fouthward  of  thofc  coun- 
tries, that  the  current  of  the  general  trade  wind  is 
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interrupted,  fo  as  to  blow,  at  that  feafon,  from  thp 
fouth  to  the  north,  contrary  to  what  it  would  do 
if  no  land  was  there.  But  as  the  high  mountain* 
of  Africa,  during  all  the  year,  are  extremely  cold) 
the  low  countries  of  India,  to  the  eaftward  of  it. 
become  hotter  than  Africa  in  fummer,  and  the  air 
is  naturally  drawn  thence  to  the  eaftward.  From 
the  fame  caufe  it  follows,  that  the  trade  wind,  in 
the  Indian  Ocean,  from  April  till  O&ober,  blows 
in  a  north-eaft  direction,  contrary  to  that  of  the 
general  trade  wind,  in  open  feas,  in  the  fame  lati~ 
"  tude*  but  when  the  fnn  retires  towards  the  tro- 
pic of  Capricorn*  theie  northern  parts  become 
pooler,  and  the  general  trade  wind  a  flumes  its  na- 
tural dire&ion. 

Having  given  the  moft  obvious  caufes  of  the 
periodical  monfoons  in  the  Indian  feas,  it  is  necef- 
&ry  to  obferve,  that  no  monfoon  takes  place  to  the 
fouthward  of  the  equator*  except  in  that  part  of  the 
ocean  adjoining  to  New  Holland.  There  the  fame 
caufes  concur  to  produce  a  monfoon  as  in  the'  nor* 
them  tropic*  and  ,fimilar  appearances  take  place. 
JFrejn  October  til)  April  the  monfoon  fcts  in  fronq 
the  N.  W..  to  S»  E.  oppofite  to  the  general  courfe 
of  the  trade  wind  on  the  other  fide  of  the  line;  and 
here  alfo  the  general  trade  wind  refumes  its  ufual 
courfe  during  the  other  months,  which  conftitute 
jhe  w inter  feafon  in  tfyele  regions.  It  may  not  be 
improper  to  conclude  this  account  of  the  tropical 
winds,  by  enumerating  fome  of  the  principal  inflec- 
tions of  the  monfoon$» 

'    \.       .\:  Between 
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Between  the  months  of  April  and  O&ober  f he 
;wind  blows  conftantly  from  W.  S.  W.  in^all  that  pan 
of  the  Indian  ocean  which  lies  between  Madagafcar 
and  Cape  Commorin,  and  in  the  contrary  dire&ion 
from  O&ober  till  April,  with  fome  fmall  variation 
in  different  places;  but  in  the  bay  of  Bengal  theft 
winds  are  neither  fo  ftrong  nor  fo  conftant  as  in  the 
Indian  ocean.    It  muft  alfo  be  remarked,  that  the 
S.  W.  winds  in  thofe  feas  are  more  foutherly  on 
the  African  fide,  and  more  wefterly  on  the  fide  of 
India;  "but  thefe  variations  are  not  fo  great  as  to  be 
repugnant  to  the  general  theory.     The.caufe  of  thfc 
variation  is,  as  was  before  intimated,  that  the  moun- 
tainous lands  of  Africa  are  colder  than  the  flatter  re- 
gions of  Arabia  and  India,  cenfequently  the  wind 
naturally  blows  from  thefe  cold  mountains,  in  the 
Cummer  feafon,  towards  the  warmer  lands  of  Afia, 
which  occafions  thofe  inflections  of  the  wind  to  the 
eaftward  during  the  fummer  months,  .The  peninfuh 
of  India,  lying  fo  much  farther  to  the  fouth  than 
the  kingdoms  of  Arabia  and  Perfia,  adds  greatly  to 
this  cffeft*  becaufe  the  wind  naturally  draws  towards 
them,  and  produces  that  eafterly  variation  of  the 
monfoon  which  takes  place  in  this  part  of  the  ocean, 
while  the  fandy  deferts  of  Arabia  draw  the  winds 
more  direftly  northward,  near  the  African  coafh  A 
fimilar  chain  of  rcafoning  will  ferve  to  explain  any 
cither  inflexions  or  variations  that  may  occur  in  die 
perufel  of  books  of  travels,  &c.  % 

The  variable  winds,  which  take  place  in  thefe 
climates,  depend  upon  different  caufes  *  but  I  am  in- 
clined to  agree  with  M.  Briflbn  in  attributing  them 
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chiefly  to  tk&sk'iiy.    I  tr  is  to  be  remembered,  that 
•whatevelid^ftroys.  the  .equilibrium  of  the  air,  in  other 
words,  any  -  caufe  which  produces  a  fudden  rare- 
fe&ion  in  any  part  of  the  atmofphere,  produces  a 
.cijrrpnt<*fjwind.  towards  the  part  where  the  rarefac- 
tion takes  plac**  .winds  arc^  therefore,  not  only  pro- 
duced by  th$  earth  being  heated  in  a  particular  part, 
/bytjby  thunder  ftorms  or  other  eledtrical  phenpmena. 
:[JThe  rays  of  the  fun  are  alfo  fometimes  obftrufted 
^by  clouds  or  iT)ift$.in  particular  places,  and  one  part 
c|f  the  world,  oreyen  of  a  particular  country,  will 
confeqjjeQtly  t>e  lefs  heated  than  another  j  in  that 
j&ife  (there  will  always  be  a  current  of  air  from  the 
cold  to  the  warm  region.     Befides  this,  the  falling 
;pf  rain,  or  other  circurpftances,  produce  opcafional 
•^Iterations  in  the  temperature  j  and  whenever  thefe 
Jake  place  in  any  country,  they  muft  be  attended 
jwith  wijicL  ..The  great  Bacon  was  the  firft  who  at- 
tempted a  theory  of  the  windj  and  it  is  to  be  la- 
mented that  his  plan  has  not  been  purfued  by.  fucr 
cceding  philosophers.     The  fpjjowing  is  a  Iketch 
of  h>s  general  principles,  with  a  few  additions  by 
modern  obfervers* 

•      »      «  * 

?'At  fea  the  winds  are  qiore  regular  than  at 
Jand  j  for  there  rjothing  oppofes  their  progrefs,  or 
alters  the  fun's  influence. 

c  The  air  at  fea  is  mpre  equable,  as  well  as  more 
-conftant:  at  land  it  blows  in  lips  offeree  and  inter- 
millions  but  at  fea  the  current  is  ftrpng,  ftpady,  and 
even. 

c  In  general,  at  fea,  on  this  fide  the  equator,  the 
eaft  and  north  winds  are  moil  violent  and  boiftpr- 
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jous :  on  the  contrary,  at  land,  the  weft  arid  foutk 
v/inds  are  xnoft  fubjcft  to  produce  hurricanes  and 
1  tempefts.  ■     >  •        .  • 

f:;The  air  is  often  feen  to  move  in  two  contrary 
currents*  and  this  almoft  ever  previous  to  thunder. 
;  The  clouds,  in  fuch  a  cafe,  are  feen  to*  move  one 
I  tf  ay,  while  the  weathercock  points  another* 
1        c  The  winds  are  more  violent  at  certain  heights 
than  upon  the  plain,  and  the  higher,  we  afcend  lofty 
fnpuntains,  the  greater  is  the  force  of  the  wind, 
till  we  get  above  the  ordinary  height  of  the  clouds. 
Above  this  the  Iky  is  ufually  ferene  and  deaf. 
The  reafon  is,  that  the  wind,  at  the  furface  of  the 
earth,  is  continually  interrupted  by  hills  and  rifings: 
fo  that,  on  the  plain,  between  any  two  of  thefe, 
the  inhabitants  are  in  a  kind  of  ihelter  \  but  when 
once  the  interpofition  of  fmall  hills  no  longer  flops 
the  wind's  courfe,  it  then  becomes  ftronger,  as 
the  interruptions  it  meets  with  are  fewer.    At  the 
tops  of  the  higher  mountains  its  interruptions  are 
leaft  of  all ;  but  it  does  not  blow  with  violence 
there ;  for  its  denfity  is  fo  much  diminifhed  by  the 
height,  that  its  force  is  fcarcely  perceptible,  and  the 
ftorm  falls  midway  below.  What  is  commonly  called 
a  high  wind  moves  at  the  rate  of  about  thirty-five 
miles  an  hour. 

c  A  current  of  air  always  augments  in  force  in  pro- 
portion as  the  paffage  through  which  it  runs  is  di» 
miniflied.  The  law  of  this  augmentation  is,  .that 
the  air's  force  is  compounded  of  its  fwiftnefs  and 
denfity,  and  as  thefe  are  increafed,  fo  will  the  force 
of  the  wind.    If  any  quantity  of  wind  moves  with 
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twice  the  fwiftnefs  of  a  fimtiav  quantity;  ic  wiH  have 
twice  its  force;  but  if, .  at  the  lame  time  that  it  is 
twice  as  fwift,  it  moves  through  twice  a  fmaUer 
tube,  and  the  fides  of  the  caftal  give  no  refiftaftce  to 
its  motion,  it  will  have  four  times  the  force.    This, 
however,  is  not  entirely  the  cafe)  for  the  fides  of 
the  tube  give  a  rcfiftance,  and  retard  its  motion,  in 
a  proportion  that  is  jiot  eafily  calculated.     From 
this  increaie  of  the  wind's  denfity  in  blowing  through 
jiarrow  pafiages,  it  is  that  we  fee  the  ftorms  fo  very 
violent  that  fometime  blow  between1  two  neigh- 
bouring hills-     It  is  from  this,  that  when  taught  in 
long  arcades  opening  at  one  enfl,  the  wind  blows 
with  great  force  along  them.     From  this  increased 
rfenfity  ic  is,  that  we  meet  with  fuch  cold  blafts  at  the 
corners  of  ftreets.     In  fhort,  whatever  diminiihes 
Its  bulk,  without  taking  entirely  away  from  its  mo- 
rion, increafes  the  vehemence  of  the  wind.     This 
alfo  is  the  reafon  why  the  air  refie&ed  back  from 
the  fide  of  a  mountain  is  often  mdre  violent  than 
the  air  which  firft  ftrock  its  fide;  for  k  is  by  this 
means  condenfed,  and  its  force  augmented.    The 
countrymen  and  farmers  have  a  dtftin&ion  which  is 
not  without  its  foundation  j  for  they  make  a  differ- 
ence between  a  fwift  and  an  heavy  ftorm :  the  fwift 
ftorm   is    loud,   boifterous,   and    inoffenfive;   the 
heavy  ftorm  more  boiflerous  and  alfo  more  dan- 
gerous.    This  (hews  the  infufliciency  of  thole  in- 
ftruments  made  for  mentoring  winds,  by  meafuring 
the  rapidity  only  with  which  they  move  V  • 

•  (Soldfinith's  Philofophy,  vol.  ii.  p.  143, 
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1  It  would  be  happy  indeed  for  fcience  and  for  man? 
r  Icind  if  thefe  refearches  could  hare  been  carried  for- 
1  jcher.  To  predid  an  eclipfe,  feys  a  late  writer,  19  ai| 
n  ob§e&  merely  ofcuriofityj  to  predidt  an  approach- 
1  ing  ftorm  would  be  of  inconceivable  benefit*  What 
r  is  ftill  unaccomplished  with  refped  to  our  owj> 
;;  /climate,  has  however  been  attempted  with  refpeft 
1  to  thofe  alarming  ftorms  which  happen  10  the  Weft 
1  Indies,  which  are  cqipmpnly  denominated  hurri- 
I     canes. 

Thefe  dreadful  cc^vulfions  of  qature,  Dr*  Perkins 
fuppofes  to  be  caufed  by  fome  occafionat  obftrudioa 
\n  the  ufyal  and  natural  pfogrefs  of  the  equatorial 
trade  winds.    The  reafon  he  afligns  for  this  con- 
je&ure  is,  the  more  than  ufual  calm  which  com- 
monly precedes  them.     In  the  natural  courfe  of 
the  trade  winds,  the  air  rifes  up  in  the  line,  and 
pafles  off  towards   the  poles,  and,  in  the  more 
.    contra&ed  degrees  of  the  higher  latitudes,   takes 
the  courfe  of  the  weft  trade  winds,  fo  that  could 
their  afcent  be  prevented  through  the  whole  circle 
of  the  zone,  there  would  be  no  more  weft  winds 
iA  thofe.  latitudes  than  in  any  other.    Very  violent 
rains  and  cold,  however,  tend  to  check  the  afcent  of 
air  out  of  this  circle,  rather  caufing  it  to  defcencL 
Great  clouds  and  vappur  generate  cold  and  wet, 
while  rain  beats  down  the  air  j  and  as  thefe  prevent 
the  rifing  of  the  air  out  of  the  line,  fo  they  hinder 
its  ufual  progrefs  from  the  tropics  on  both  fkfcs; 
hence  the  calms  which  ufuaMy  precede  hurricanes. 
Calms,  in  thefe  tropical  regions,  are  caufed  by  the 
5  afcent 
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afcent  of  Ac  air  into  the  higher  part  of  the  atmo- 
sphere, inftead  of  its  remaining  near  the  line  z  the  ac- 
cumulation of  air  above  then-  becomes  heavier  be 
the  ctiJd  ifrhich  it  meets  in  thofe  regions,  and  de- 
scends into  the  more  rarefied  region  below.  Thrfe 
heavy  gales,'  therefore,  will  continue  to  defcend  ti  I 
the  upper  regions  are  entirely  exonerated. 

In  Mr.  Beckford's  hiftory  of  Jamaica    there  hi  j 
very  detailed  and  ftriking  account  of  the  drezdfd 
hurricane  which  deiblated  the  iflands  in  the  yor 
1780,  but  it. is  too  long  for  infertion  as  an  extreft, 
and  in  an  abridged  Hate  the  defcription  would  hk 
its  force;     *  It  is  in  the  rainy  feafon    (fays  Mr. 
Adams)  principally  in  the  month  of  Auguft,  riur 
they  are  aflauked  by  hurricanes,  which  deftroy  at  1 
.  ftroke  the  labours  of  many  years,  and  proftrate  the 
jnoft  exalted  hopes  of  the  planter,  and  that,  ofrea 
when  he  thinks  himfelf  out  of  the  reach  of  fortune. 
It  is  a  foddeh  and  violent  ftorm  of  wind,  rain,  thun- 
der, and  lightning,  attended  with  a  furious  fwellwg 
of  the  feas,  and  fometknes  with  an  earthquake;  in 
ihort,  with  every  eircumftance  which  the  elements 
can  affemble,  that  is  terrible  and  deftru&ive.    Firl^ 
they  fee,  as  a  prelude  to  the  enfuing  havock,  whole 
fields  of  fugar  canes  whirled  into  the  air,  and  feat- 
tered  over  the  face  of  the  country.     The  ftrongeft 
trees  of  the  foreft  are  torn  up  by  the  roots,  and 
driven  about  like  ftubblc ;  their  wind-mills  arc  fwept 
away  in  a  moment ;  their  works,  the  fixtures,  the 
ponderous  copper-boilers,  and  ftills  of  fijwftl  hun- 
dred weight,  are  wrenched  from  the'  ground  aid 
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ottered  to  pieces;  their  houfes  are  no  prote&ion; 
Heir  roofs  are  torn  of?  at  one;  blaft,  whilft  the  rain, 
which  in  an  hour  rifes  five  feet,  rufhes  in  upoa 
them  with  irrefiftible  violence. 

There  are  figns  by  which  the  Indians  of  thefc 
iflands  taught  our  planters  to  prognofticate  the  ap- 
p  roach  of  an  hurricane.     The  hurricane  comes  on 
either  in  the  quarter  or  at  the  full  change  of  the, 
moon.     If  it  comes  on  at  the  full,  then,  at  the  pre- 
:    ceding  change,  the  Iky  is  troubled,  the  fun  more. 
(    red  than  ufual;  there  is  a  dead  calm  below,  and  the 
'     mountain   tops  are   free  frotn  thofe  mifts  whicfr . 
1     ufually  hover  about  them.    In  the  caverns  of  the, 
!     earth,  and  in  wells,  you  hear  a  hollow  rumbling 
!     found,  like  the  rufhing  of  a  great  wind.    At  night 
i      the  ftars  feem  much  larger  than  ufual,  and  fur- 
'      rounded  with  a  fort  of  burs ;  the  north- weft  fky 
1      has  a  black  and  menacing  appearance;  the  fea. 
emits  a  ftrong  fmell,  and  rifes  into  vaft  waves  often 
i      ■  without  any  wind.     The  wind  itfelf  now  forfakes 
I       its  ufual  fteady  cafterly  ftream;  and  fhifts  about  to 
1        the  weft;   whence  it  fometimes,  with    intermif* 
I        Cons,  blows  violently  and  irregularly  about  two 
hours  at  a  time.     You  have  the  fame  figns  at  the 
'        fall  moon:  the  moon  herfplf  is  furrounded  with  a 
i         great  bur,  -and  .fometimes  the  fun  has  the  fame  ap* 
i         pearanceV      . 

.  -  The  harmattan  is  a  very  Angular  wind,  which 

i         blows  periodically  from  the  interior  parts  of  Africa 

towards  the  Atlantic  Ocean.    The  feafon  in  which 

i  it  prevails  is  during  the  months  of  December,  Ja«* 

'  ;        #  Adams's  Leftures,  vol.  iv.  p.  540. 

j  nuary, 
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nuary,  and  February ;  k  comes  on  ftidifcri 
at  any  hour  of  the  day*  at  any  time  of  die  tide, 
at  any  period  of  the  moon,  and  continues  fometr 
only  a  day  or  two,  fometimes  five  of  fix  days, 
it  has  been  known  to  kft  fifteen  and  fixteen  dzysu 
There  are  generally  three  6x  fotir  returns  of  k 
feafon.    It  blows  with  a  moderate  forces  but 
quite  fo  ftrong  as  the  fea  breeze. 

A  fog  or  haze  is  one  of  the  peculiarities  whidi 
always  accompany  the  harmatran.  The  Englifh, 
Freneh,  and  Portuguefe  forts  at  Whydah,  are  not 
quite  a  quarter  of  a  mile  afunder,  yet  are  frequently 
quite  invifibic  to  each  others  the  fun,  concealed  the 
greateft  part  of  the  day,  appears  only  about  a  for 
hours  at  noon,  and  then  of  a  mild  red,  exciting  no 
painful  fenfation  on  the  eye.  The  particles  which 
conftitute  this  fog  are  depofited  on  the  leaves  of 
trees*  on  the  flrins  of  the  negroes,  &c.  and  make 
them  appear  Avhitifh* 

Extreme  drynefs  makes  Another  extraordinary 
property  of  this  wind ;  no  dew  fells .  during  io 
continuance ;  viegetables  are  withered*  and  die 
grafs  beeofties  dry  like  hay.  The  natives  take  thil 
opportunity  to  clear  the  land>  by  fettiqg  fire  to  the 
trees  and  plants  while  in  that  dry  and  exhaufted 
ftate*  The  dryhefs  is  fo  extreme*  that  the  covers 
of  books*  even  clofely  fhut  up  in  a  trunk,  ate  bent 
as  if  ekpofed  to  the  fire.  Houfhold  furniture  is 
much  damaged;  the  panjiels  of  wainfetits  fplitj  and 
finecred  work  flies  to  pieces.  The  joints  of  a  weH- 
laid  floor  of  feafofttd  wood  opfen  fuificicntly  to  ad- 
mit 
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nix  the  breadth  of  a  finger  between  them*  but  be- 
:ome  as  clofe  as  before  on  the  ceafing  of  the  har- 
roattan*  The  human  body  does  not  tfcape  the 
parching  eflFedts  of  this  wind  ;  the  eyes,  noftrils, 
lips,  and  palate,  are  rendered  dry  and  uneafy ;  the 
lips  and  nofe  become  fore,  and  though  the  air  is 
.  cool,  there  is  a  troublefome  fenfation  of  pricking 
heat  on  the  (kin.  If  the  harmattan  continues  four 
or  five  days,  the  fcarf-ikia  peels  off,  firft  from  the 
hands  and  face,  and  afterwards  from  the  reft  of  the 
body. 

Though  this  wind  is  fo  fatal  to  vegetable  life, 
and  occafions  thefe  troublefome  effe&s  to  the  hu- 
man fpecies,  it  is  nevertheleis  highly  conducive  to 
health;    it  (tops  the  progrefs  of  epidemics,  and 
relieves  the  patients  labouring  under  fluxes  and  in- 
termittent fevers.     Infection  is   not  eafy  at  that 
time  to  be  communicated,  even  by  inoculation.    It 
is  alfo  remarkable  for  the  cure  of  ulcers  and  cu- 
taneous difeafes  *. 

The  firocco  (fo  called  by  the  Italians  becaufe  it 
is  fuppofed  to  blow  from  Syria,  and  in  the  South 
of  France,  the  Levant  wind)  refembles  in  fome  of  its 
effe&s  the  harmattan,  but  it  differs  from  it  in  being 
extremely  infalubrious*      It  fortietunes  blows  for 
fevcral  days  together,  to  the  great  annoyance  of  the 
whole  vegetable  and  anirtial  creation ;  its  medium 
heat  is  calculated  at  1 12  degrees;  it  is  fatal  to  vege- 
tation and  deftru&hre  to  mankind,  and  elpecially  to 

•  Dobfl  Account,  Phil.  Tranf.  vol.  l*xi.  part  1. 

ft  rangers  j- 
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ftrangcrs  j  it  dcpreffes  the  fpirits  in  an  unuiual   de- 
gree; it  fulpends  the  powers  of  digeftion,  f&  that 
thofe  who  venture  to  eat  a  heavy  fupper  while  this* 
wind  prevails  are  commonly  found  dead   in    their 
beds  the  next  morning,  of  what  is  called  an  indi- 
geftion.    The  lick,  at  that  affli&ing  period,,  com- 
monly (ink  under  the  preffure  of  their  difeafes;  and 
it  is  cuftomary  in  the  morning,  after  this  wind  has 
continued  a  whole  night,  to  inquire  who  is  dead  *. 

c  An 

•  '  The  evil  moft  to  be  dreaded  in  traverfing  thefe  regions 
is,  perhaps,  the  firocc,  or  fouth  wind,  which  it  is  imagined 
blows  from  the  buroiag  deferts  of  Africa,  and  is  fometimes  pro- 
ductive of  dangerous  confequences  to  thofe  who  are  expofed  ta 
its  fury.    During  the  continuance  of  this  wind  all  nature  ap- 
pears to  languifh,  vegetation  withers  and  dies,  the  beads  of  the 
field  droop,  the  animal  fpirits  feem  too  much  exhaufted  to  admit 
of  the  ieaft  bodily  exertion,  and  the  fpring  and  elailicity  of  the 
air  appear  to  be  loft.    The  heat  exceeds  that  of  the  moft  fervid 
weather  in  Spain  or  Malta,  and  is  felt  with  peculiar  violence  ia 
the  city  and  neighbourhood  of  Palermo. 

«  The  fen&tion  occaiioned  by  the  firocc  wind  is  very  fink- 
ing and  wonderful.     In  a  moment  the  air  becomes  heated  to  an* 
exceffive  degree,  and  the  whole  atmofphere  feels  as  if  it -were 
inflamed,  the  pores  of  the  body  feem  at  once  opened,  and  all  ttoa    • 
fibres  relaxed.    During  its  continuance  the  inhabitant*  of  Pa** 
lermo.  {hut  their  doors  and  windows  to  exclude  the  air,  and* 
where  there  are  no  window  (hatters,  wet  blankets  are  hung  on 
the  infide  of  the  window,  and  the  fervants  are  kept  continually 
employed  in  fprinkling  the  apartments  with  water.    No  crea- 
ture, whofe  necellities  do  not  compel  him  to  the  exertion,  is  to* 

be  feen  while  this  .tremendous  wind  continues  to  blow,  and  the. 

.  _   ... 

ftreets  and  avenues  of  the  city  appear  to  be  nearly  deferted. 

'  The  firocc  generally  continues  fo  ihort  a.  time  in  Skily, 

that  it  feldom  produces  thofe  complaints. which  are  the  confe- 

-  .*  quc&ce 
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c  An  extraordinary  blaftiog  wind  is  felt  occa- 

lionally  at  Falklands  Iflands.     Happily  its  duration 

is  Ihort:  it  feldom  continues  above  twenty-four 

hours.     It  cuts  the  herbage  down  as  if  fires  had 

been  made  un^er  them ;  the  leaves  are  parched  up, 

and    crumble  into  duft.      Fowls  are  ieized  with 

cramps  fo  as  never  to  recover.    Men  are  opprefled 

with  a  flopped  perfpiration,  heavinefs  at  the  breaft, 

and  fore  throat;  but  recover  with  care. 

'  But  beyond  all  others  in  its  dreadful  effe&s,  is 
the  iamlcl,  or  mortifying  wind,  of  the  defarts  near 

>quence  of  the  duration  of  its  fcorching  heats  in  feveral  parts  of 
Italy,  though  its  violence  in  thofe  countries  is  much  inferior  to 
what  is  felt  in  this  iflaod.    Here  it  feldom  endures  longer  than 
thirty -fix  or  forty  hours,  a  time  not  fufficient  to  heat  the  ground, 
or  the  walls  of  the  houfes,  in  a  very  intenfe  continued  degree. 
It  is  commonly  fucceeded  by  the  tramontane,  or  north  wind, 
which  in  a  ihort  rime  reftores  the  exhaofted  powers  of  animal 
and  vegetable  life,  and  nature  foon  aftumes  her  former  appear- 
ance*   The  caufe  of  the  firocc  wind  has  been  frequently  at- 
tempted to  be  explained,  but  the  different  hypothefes  are  per- 
haps more  to  be  admired  for  their  ingenuity  and  fancy  than  for 
being  very  mtkra&orily  explained.    The  fuperior  intenfeneft 
«   tf  this  fcorching  wind  at  Palermo,  may  probably  be  accounted 
for  from  the  fituation  of  that  city,  which  is  almoft  furrounded 
by  lofty  mountains,  the  ravines  and  valleys  of  which  are  parch- 
ed and  almoft  burnt  up  in  Cummer.    The  numberlefs  fprings  of 
warm  water  mufl  alfo  greatly  increafe  the  heat  of  the  air,  and 
the  praftce  Of  burning  brum  wood  and  heath  on  the  neigh* 
bouriog  mountains,  during  the  warm  feafon,  muft  undoubtedly 
tend  to  increafe  the  heat  of  the  wind  in  paffing  over  the  coun- 
try of  Siaily,  though  it  had  previoufly  been  difarmed  of  part  of 
its  violence  by  travelling  over  the  fea  which  divides  Sicily  from 
Africa."    Preftnt  Statg  of  Sicily  and  Malta,  p.  189. 

Vol.  L  I  i  Bagdad, 


48  a  ¥be  SamieU •  [Book  V. 

Bagdad.     The  camels,  either  by  inftin£t  or  experi- 
ence, have  notice  of  its  approach  and  are  fb  well 
aware  of  it,  that  they  are  faid  to  make  an  unufual 
noife,  and  cover  up  their  nofes  in  the  fand.       To 
$fcape   its  effefts,  travellers  throw  themfclvcs  as 
clofe  as  poflible  to  the  ground,  and  wait  till  it  has 
paffed  by,  which  is  commonly  in  a  few  minutes. 
As  foon  as  they  who  have  life  dare  to  rife   again, 
they  examine  how  it  fares  with  their  companions, 
by  plucking  at  their  arms  or  legs;  for  if  they  are 
destroyed  by  the  wind,  their  limbs  are  abfolutelr 
mortified,  and  will  come  afunder.     It  is  faid  of  this 
wind,  that  if  it  happens  to  meet  with  a  Ihower  of 
rain  in  its  courfe,  and  blows  acrofs  it,  it  is  at   one* 
deprived  of  its  noxious  quality/  and  becomes  mild 
and  innocent.     It  is  alfo  faid,  that  it  was  never 
known  to  pafs  the  walls  of  a  city  V 

This  account  of  the  famiel  is  extra&ed  from  the 
travels  of  Mr.  Ives  over  land  to  the  Eaft  Indies. 
Whether  this  wind  is  identically  the  fame  with  that 
which  is  defcribed  by  Mr.  Bruce  under  the  name  of 
the  fimoom,  I  cannot  determine.  The  fads  jji 
both  accounts  have  a  very  clofe  agreement,  and  th« 
climate  and  fituation  where ,  they  occur  are  not  ma^ 
terially  different.  In  the  fame  defert  Mr.  Bruce  ob- 
ferved  the  aftonifhing  phenomenon  of  moving  pillars 
of  fandf,    which  are  probably  the  effe&s  of  a 

number 


•  See  Adams's  Lettures,  vol.  iv.  p.  541. 
f  «  So  where  our  wide  Numidian  waiics  extend. 
Sadden  th'  impetuous  hurricane*  defcend, 
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number  of  whirlwinds  in  thofe  torrid  regions.  '  As 
the  defcription  of  thefc  pillars  is  in  fome  degree* 
blended' with  that  of  the  fimoom,  I  (hall  extraft  the 
^vhole  paflage.  In  relating  the  particulars  of  his  joiir-* 
n^y  acrois  a  certain  part  of  the  deferts  of  Africa,  Mr. 
Bruce  obferves  *  We  were  here  at  once  furprifed  and 
terrified  by  a  fight  furely  one  of  the  moft  magnificent 
in  the  world.     In  that  vafl:  expanfe  of  defert,   from 
weft  and  to  north  weft  of  us,  we  faw  a  number  of 
prodigious  pillars  of  fand  at  different  diftances*  at 
times  moving  with  great  celerity,  at  others  (talking 
on  with  a  majeftic  flownefs;  at  interval  we  thought 
they  were  coming  in  a  very  feW\  minutes  to  over- 
whelm us  i  and  fmall  quantities  of  fand    id  aftuaily 
more  than  once  reach  us.  Again  they  would  retreat 
(o  as  to  be  almoft  out  of  fight,  their  tops  reaching 
to  the  very  clouds.     There  the  tops  often  feparated 
from  the  bodies;   and  thefe,  once   disjoined,  dif- 
perfed  in  the  air,  and  did  not  appear  more.     Some- 
times they  were  broken  near  the  middle,  as  if  ftruck 
With  a  large  cannon  (hot.     About  noon  they  began 
to  advance  with  considerable  fwiftnefs  upon  us,  the 
wind  being  very  ftrong  at  north.     Eleven  of  them 
ranged  alortgfide  of  us  about  the  diftance  of  three 
tailes;     The  greateft  diameter  of  the  largeft  ap- 

* 

Wheel  through  the  atr,  in  circling  eddies  play* 
Tear  up  the  fahds,  and  fweep  whole  plains  away ; '   • 
Th*  affrighted  traveller,  with  wild  furprife, 
Sees  ttye  dry  defert  all  around  him  rife, 
And>  fmether'd  in  the  dttfty  whirlwind,  dies." 

%  Addition's  Cato. 
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peared  to  me  at  that  diftance,  as  if  it  would  meafurc 
ten  feet.    They  retired  from  us  with  a  wind  at  fburh 
eaft ;  leaving  an  imprcflion  upon  my  mind  to  whkfc 
I  can  give  no  name,  though  Curtly  one  ingredient  in 
it  was  fear,  with  a  confidcrable  deal  of  wonder  and 
aftonifhment.     It  was  in  vain  to  think  of  flying; 
the  fwifteft  horfe,  or  fafteft  failing  fhip,  could  be  of 
no  ufe  to  carry  us  out  of  this  dagger ;  and  die  full 
perfuafion  of  this  ri  vetted  me  as  if  to  the  fpot  where 
I  flood,  and  let  the  camels  gain  on  me  fo  much  in 
my  ftate  of  lamenefs,  that  it  was  with  fomc  diffi- 
culty I  could  overtake  them/ 

The.  fame  phenomena  again  occurred  in  the 
courfe  of  a  few  days.     c  The  fame  appearance  of 
moving  pillars  of  fand  prefented  themfelves  to  us 
this  day,  in  form  and  difpoficion  like  thofe  we  had 
feen  at  Waadi  Halboub,  only  they  fcemed  to  be 
more  in   number,  and  lefs  in  fizc.     They  came 
feveral  rimes  in  a  diredtion  clofe  upon  us  j  that  is, 
1  believe,  within  lefs  than  two  miles.     They  began 
immediately  after  fun-rife,  like  a  thick  wood,  and 
almoft  darkened  the  fun:  his  rays  fhining  through 
them  for  near  an  hour,  gave  them  an  appearance  of 
pillars  of  fire.    Our  people  now  became  delpeiate: 
the  Greeks  jhrieked  out,  ind  faid  it  was  the  day  of 
judgment.    Ifmael  pronounced  it  to  be  hell,  and 
the  Tucorories,  that  the  world  was  on  fire.    I  aflced 
idris  if  ever  he  had  before  feen  fuch  a  fight?  he  faid 
he  had  often  feen  them ,  as  terrible,  though  never 
.  worfej  but  what  he  feared  moft  was  that  extreme 
rcdnelsin  the  air,  which  was  a  fure  prefage  of  the 

coming 
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coming*  of  the  fimoom.  .  I  begged  and  intreated 

Idris  that  he  would  not  fay  one  word  of  that  in  the 

hearing  of  the  people,  for  they  had  already  felt  it*  at 

Imhanfara,  in  their  way  from  Ras  el  Fefcl  to  Teawa, 

and  again  at  the  Acaba  of  Gerrj,  before  we  came  to 

Chendi,  and  they  were  already  nearly  diftrafted  at 

the  apprehenfion  of  finding  it  here. 

c  At  half  paft  four  o'clock  in  the  afternoon,  we 

left  Waadi  Del  Aned,  our  courfe  a  little  more  to 

the  weft  ward  than  the  diredbion  of  Syehe.    The 

fands   which  had  difappeared   ycftertfay  fcarcely 

{hewed  themfelves  at  all  this  day,  and  at  a  great  dif- 

tance  from  the  horizon.     This  was,  however,  a 

comfort  but  of  fhort  duration*     I  obferved  Idris 

took  no  part  in  it,  but  only  warned  me  and  the 

fervants,  that,  upon  the  coming  of  the  fimoom,  we 

(hould  fall  upon  our  faces,  with  our  mouths  upon 

the  earth,  fo  as  not  to  partake  of  the  outward  air 

as  long  as  we  could  hold  our  breath.     We  alighted 

at  fix  o'clock  at  a  fmalLrock  in  the  fandy  ground, 

without  trees  or  herbage,  fo  that  our  camels  faded 

all  that  night.     This  place  is  called  Ras  el  Sheah, 

or,  by  the  Bifhareen,  El  Mout,  which  fignifies  death, 

a  rtame  of  bad  omen. 

(  On  the  1 6th,  at  half  paft  ten  in  the  forenoon,  we 
left  £1  Mayt,  (landing  in  the  direction  clofe  upon 
Sycnc.  Qurmen,  if  not  gay,  were,  however,  in  better 
fpirits  than  I  had  leen  them  fince  we  left  Gooz.  One 
of  our  Barbarins  had  even  attempted  a  fbngj  but 
Hagi  Iftnael  very  gravely  reproved  him,  by  teHing 
him,  that  finging  in  fuch  a  fituatien  was  a  tempting 


1 


48$  Tke  Siwowf*  [Book  V. 

of  Providence.  There  is,  indeed,  nothing  more 
different  than  aftiye  and  paflive  courage.  Hagi 
lfmael  would  fight,  but  he  had  not  ftrength  of  minc| 
to  fuffer.  At  eleven  o'clock,  while  we  contemplated 
with  great  pleafure  the  rugged  top  of  Chiggre,  to 
which  we  were  fall  approaching,  and  where  we 
were  to  folace  ourfclves  with  plenty  of  good  water, 
Kir  is  cried  out,  with  a  loud  voice,  Fall  upon  your 
faces,  for  here  is  the  fimoom.  I  faw  from  the 
fouth  eaft  a  haze  come,  in  colour  like  thet  purple 
part  of  the  rainbow,  but  not  fo  compreffed  or  thick. 
It  did  not  occupy  twenty  yards  in  breadth,  and  was 
about  twelve  feet  high  from  the  ground.  It  waf  a 
kind  of  blufh  upon  the  air^  and  it  moved  very 
rapidly,  for  1  fcarce  could  turn  to  fall  upon  the 
ground  with  my  head  to  the  northward,  when  I  felt 
the  heat  of  its  current  plainly  upon  my  face.  We 
all  lay  flat  on  the  ground,  as  if  dead,  till  Idris  told 
ys  it  was  blown  over.  The  meteor,  or  purple 
haze,  which  I  law,  was  indeed  pafled,  but  the  light 
air  that  ftill  blew  was  of  heat  to  threaten  fuffocation. 
For  my  part,  I  found  diftinftly  \r\  my  breaft,  that  I 
had  imbibed  a  part  of  it;  nor  was  I  free  of  an 
afthmatic  fenfation  till  1  had  been  fpme  months  in 
Italy,  at  the  baths  of  Poretta,  near  two  years  after- 
wards V  , 

Whirlwinds  and  water-fpouts  have  by  many 
philofophers  been  confidered  as  entirely  ele&rical 
phenomena,  while  others  have  attributed  them  to  3 

•  Brucc's  Travels.  Vol.  iv.  p.  553,  555. 
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different  caufc,  and.  accounted  for  thpm  *upon  the 
principles  of  hydroftaticsc     It  is  poffible,  Jiow/ever, 
that  there  may  really  be  two  kinds  of  water-fjyout% 
the  one  the  effeft  of  the  ele&ricaj  attraction,  a?  der 
icribed  in  Book  iv.  c.  6.  and  the  t>ther  caufeiby^ 
Vacuum,  or  extreme  and  fiidden  hwefa<§ti0ivof  dje»air. 
The  whirlwinds  at  leaft,  which  I  have  obforved  in  th$ 
country,  were,  Lam  perfuaded,  of.  th£  letter  jqcyj,; 
fct  leaft  whatever  was  the  original  caufe,  .tfce  circumh 
agitation  or  fpirai  motion  of  the  air  muft  have  conti- 
nued long  after  every  eleftrical  power  had  ceafed  tp 
aft. 

It  is  well  known  that  even  a  common  fire  pro- 
duces a  kind  of  circulation  of  the  air  in  a  room,  byt 
in  a  different  form.  It  is  therefore  not  difficult  to 
conceive,  that  when  any  part  of  the  column  of  air 
upon  the  furface  of  the  earth  or  water  is  fuddenly 
rarified,  either  by  eledtneity  or  any  other  caufe,  a 
vacuum,  at  leaft  comparatively  to  the  reft  of  the  air, 
will  immediately  take  place,  and,  the  circumambient 
air  rufhing  in  at  once  from  every  quarter  to  fill  the 
void,  a  conflict  of  winds  enfues,  and  confe- 
quently  a  circular  motion,  by  which  light  bodies  will 
be  taken  up  and  turned  round  with  confiderable 
velocity;  this  violent  rufhing  of  the  air  on  all  fides 
into  the  vacuum  then  forms  what  is  commonly  called 
at  land  a  whirlwind. 

When  this  vacuum  takes  place  at  fea,  from  the 
nature  of  fluids,  the  water  will  rife  to  a  certain 
height  by  the  preflure  of  the  atmofphere,  as  in  a 
common  pump ;  but  as  the  vacuum  is  not  quite 

I  i  4  perfeftj 
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perfcA,  the  water  will  be  divided  into  drops,  and 
as  thefe  vacuums  are  generally  canfed  by  heat,  it 
will  be  rarefied  when  it  reaches  the  upper  regions 
of  the  atmofphere,  and  afiuqie  the  appearance  of  a 
cloud. 

Mr.  Oliver  *,  whofe  theory  I  have  adopted  with 
little  variation,  illuft rates  the  phenomenon  by  a  very 
caly  experiment.  In  a  ftiff  paper  card  he  made  a 
hole  juft  large  enough  to  infert  a  goofe  quill ;  after 
cutting  the  quill  off  fquare  at  both  ends,  he  laid  the 
card  upon  the  mouth  of  a  wine  glafe,  filled  with  water 
to  within  a  fifth  or  fixth  part  of  an  inch  from  the 
lower  orifice  of  the  quill ;  then  applying  his  mouth 
to  the  upper  part,  he  drew  the  air  out  of  the  quill, 
and  in  one  draught  of  his  breath  drew  in  about  a 
fpoonful  of  water  *  and  this  he  was  able  t*  repeat, 
the  quill  remaining  as  before.  The  water,  he 
adds,  did  not  afcend  to  his  mouth  in  a  ftrcam,  as 
it  would  have  done  had  the  quill  reached  the  water, 
but  broken,  and  confufedly  mixed  with  the  air 
which  afcended  with  it.  The  ufual  phenomena  of 
wat^r-fpouts  are  exa&ly  agreeable  to  this  theory. 
They  appear  at  a  diftance  like  an  inverted  cone,  or 
the  point  of  a  i  word,  which  is  owing  to  the  water 
riling  in  large  drops  at  the  firft,  and  being  expand- 
ed  as  it  afcends*  and  a  cloud  is  generally  fufpended 
over  the  body  of  the  phenomenon.  The  water  which 
is  taken  up  is  undoubtedly  fait  at  the  firft,  but ' 
by  the  rarefaction  in  the  fuperior  regions,  it  un- 


•  Fhilad.  Traaf,  vpl.  ii. 
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dergoes   a  kind  of  natural  diftillation,  and  lofcs 
all  the   heavy  faline  particles  with  which  it  was 
charged.     Water-fpouts  have   been   obferved  at 
land*  of  which  two  very  remarkable  inftances  are 
recorded  in  the  Philofophical  Tranfa&ions.    Other 
phenomena  have  been  remarked,  which  can  Be 
explained  upon  thefe  principles  only.     Accounts 
have  been  given  of  red  and  yellow  rain,  of  frogs 
and  tadpoles,  and  even  fmall  fifties,  having  been 
rained  upon  the  tops  of  houfes.    The  red  and  yel- 
low rain  was,  I  apprehend,  compofed  of  the  blof- 
foms  of  vegetables,  or  of  infe&s,  taken  up  by  one 
of  thefe  aerial  tubes  5  and  the  frogs  and  fifties  were 
probably  a  part  of  the  contents  of  fome  pond,  in 
which  the  water-fpout  originated,  or  over  which  it 
.might  have  pafled  in  its  perambulation. 

The  point  or  cone  of  the  water-lpout  is  generally 
oblique,  depending  on  the  force  and  direction  of 
the  wind  which  drives  it  along. 

Dr.  Perkins,  of  Bofton,  whom  I  had  occafion 
to  mention,  when  treating  of  hurricanes,  in  a  pa- 
per publifhed  in  the  fame  volume  of  American 
Tranfaftions,  is  difpofed  to  adopt  a  different  theory 
of  water-fpouts.    Captain  Melting  informed  him, 
that  in  a  voyage  from  the  Weft  India  Iflands  to 
Bofton,  a  water-fpout  came  acrofs  the  ftern  of  the 
veffel  where  he  then  was,  a  flood  o£  water  fell 
upon  him  with  fuch  violence  as  almoft  to  beat  him 
dowo,  and  the  fpout  immediately  pafled  off  with 
a  roaring  noife  into  the  lea.    The  water  from  the 
fpout,  he  remarked,  was  perfectly  ftefl). 
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•    Dr.  Perkins  adds  feVcral  other  inftanccs,  on 
teftimony  of  mariners,  who  all  affirmed,  thar  ***** 
faw  the  water  dejeend  from  the  cloud  through 
water-fpout  into  the  lea,  contrary  to  the  opinion  of 
Mr.  Oliver,  that  it  always  afcends, 

A  whirlwind,  therefore,  in  the  opinion  of  J3r- 
Perkins,  cannot  be  the  caufe  of  a  water-fpout  j 
can  both  of  thefe  phenomena  proceed  from 
feme  caufe.     A  whirlwind,  he  fuppofes   to  be  pro- 
duced by  the  afcent  of  the  heated  or  rarefied  *ir 
into  or  through  the  colder  regions  of  the   atmo- 
sphere above.     Now,  Dr.  Arbuthnot  fays,  that  the 
rarefaction  of  the  hptteft  day  renders  the  air  buc 
one-tenth  lighter  than  it  is  in  the  coMeflr. 

This  roaring  noiie  alio,  as  Remarked  by  Captain 
Melling,  does  not  agree  with  the  theory  of  the 
afcent  of  water  in  the  Jpout,  as  it  is  not  very  elear 
why  fuch  a  noiie  IhouJd  accompany  the  fiirple 
afcent  of  water. 

To  determine  the  matter,  it  is  to  be  wifhed,  that 
future  obfervers  would  be  careful  to  remark,  ift. 
The  incipient  ftate  of  a  water-fpout,  and  in  par- 
ticular, whether  any  cloud  is  feen  hovering  over 
the  part  in  which  it  commences ;  and  adly,  whether 
the  conical  part  feems  gradually  to  defcend  from 
the  body  of  the  cloud  *• 

A  tornado  feems  to  partake  much  of  the  nature 
pf  the  two  preceding  phenomena,  but  is  morp  vio- 

•  Philad.  Tranf.  vol.  ii. 
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lent  in  its  effefts.    It  commences  very  fuddeniyj 

fcvcral'  clouds   being  previoufly  drawn  together, 

^vherr   a  fpout  of  wind,  proceeding   from    them, 

ftrikes  the  ground  in  a  round  fpot  of  a  few  rods  or 

perches  diameter,  in  the  courfe  of  the  wind  of  the 

day,  and  proceeds  thus  half  a  mile  or  a  mile.     The 

pronenefs  of  its  defcent  makes  it  rebound  from  the 

parth,  throwing  fuch  things  as  are  moveable  before 

}t,  but  fome  fideways  or  in  a  lateral  direction  from 

it.     A  vapour,  mift,  or  rain  defcends  with  it,  by 

which  the  path  of  it  is  marked  with  wet. 

The  gentleman,  who  fiirnilhes  the  above  general 
defcription,  gives  an  account  of  onfe  which  hap- 
pened a  few  years  fince  at  Leicefter,  about  fifty 
miles  from  Bofton,   in  New  England,   c  It  hap- 
pened in  July,  on  a  hot  day,  about  four  o'clock 
in  the  afternoon.    A  few  clouds  having  gathered 
weftward,  ancf  coming  over  head,  a  fudden  motion 
pf  their  running  together  in  a  point  being  obferved, 
immediately  a  fpout  of  wind  ftruck  the  ground  at 
the  weft  end  of  a  houfe,  and  immediately  carried 
it  away  with  a  negro  man  in  it,  who  was  afterwards 
found  dead  in  the  path  of  it.     Two  men  and  a  wo- 
man, by  the  breach  of  the  floor,  fell  into  the  cellar; 
and  one  man  was  driven  forcibly  up  into  the  chiip- 
ney-corner.     Thefe  were  preferved,  though  much 
bruifed  j  they  were  wet  with  a  vapour  or  mift,  as 
yrere  the  remains  of  the  floor,  and  the  whole  path 
of  the  fpout.     This  wind  raifed  boards,  timbers, 
&c.  /A  joift  was  found  on  one  end,  driven  near 
*    •  three 
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three  feet  into  the  ground.  The  Ipout  probabljr 
took  it  in  its  elevated  Hate,  and  drove  it  forcibly 
down.  The  tornado  moved  with  the  celerity  of  a 
middling  wind,  and  conftandy  declined  in  ftrcngth 
till  it  entirely  xxafed.* 


^  J|aP. 
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Chap.     XII. 

OF  THE  HEAT  OF  THB  ATMOSPHERE  AND 
*   "  IGNEOUS  VAPOURS. 

Obje&s  of  Meteorology  as  a  Science.— Partly  anticipated.— 'Tempera* 
ture. — Heat  of  the  Earth*— EffeGs  of  the  Sun's  Rays  on  different 
hft&ums.— Difference  nuitb  re/pe&  to  Temperature  befween  Land 
and  Water.— Ejfctts  of  Clouds  on  the  Temperature.— Of  Evapo- 
ration.—Unu/iiaJ  Cold,  bow  produced  in  Summer  and  Winter*— 
Aqueous  Meteors.— Igneous  Meteors.— Firs  Balls. Shooting 
Stars.— Ignes  Fatui. 


METEOROLOGY,  in  its  moft  extenfive 
fcnfc,  would  embrace  a  large  fcope  of  fci- 
ence.  It  includes  every  thing  that  concerns  our 
atmofphere,  climate,  temperature,  vapours,  fogs, 
dew,  rain,  hail,  (how,  the  igneous  vapours,  as  pro* 
ceeding  from  inflammable  air,  and  even  thunder 
ahd  lightning,  and  all  thofe  phenomena  which ,  are 
produced  by  what  is  termed  natural  ele&ricity. 

The  arrangement  adopted  in  thefe  volumes, 
which  was  the  cleareft  that  fuggefted  itfelf  to  my 
'  mind,  ncceflarily  excludes  many  of  thefe  fubjefts. 
The  ele&rical  phenomena  have  been  already  treated 
"  of,  and  the  theory  of  rain,  fnow,  &c.  as  adopted 
by  the  electrical  philofophcrs,  has  been  briefly  ex- 
plained *  and  what  remains  to  be  faid  on  aqueous 
meteors  will  be  more  properly  introduced  in  the 

book 
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book  which  is  dedicated  to  the  fiibjedt  of  water, 
and  will  be  better  underftood  when  the  properties  of 
that  fluid  are  more  folly  explained. 

The  phenomena,  which  prefent  themfelves  for 
our  immediate  confideration,  will  therefore  be  thofe 

* 

which  are,  ftri&ly^  (peaking,  aerial  or  atmolpheri- 
cal.  The  temperature  of  the  atmofphere  will 
therefore,  with  propriety,  be  confidered,  and  the  ig- 
neous meteors  with  which  it  is  occasionally  charged* 
and  of  which  the  air  appears  not  only  to  be  the  ve- 
hicle but  the  pabulum. 

The  variations  of  temperature  which  we  expe- 
rience are  chiefly  produced  in  the  atmofphere,  or  at 
no  great  diftance  from  the  furface  of  the  earth. 
This  is  evident  from  a  fimple  and  well  known  faftj 
that  the  earth,  at  a  certain  depth  beneath  the  furface, 
always  preferves  nearly  tfye  fame  temperature,  and 
the  degree  of  heat  at  thofe  depths  generally  ap- 
proaches the  mean  annual  heat  of  the  climate. 
Even  where  there  is  a  communication  with  the  ex- 
ternal air,  the  earth,  at  the  depth  of  80  or  90  feet* 
rommonly  varies  but  litde  in  its  temperature;  and 
where  there  is  no  fuch  communication  the  variation 
Jnuft  be  ftill  more  inconfiderable.  Thus  the  tempe- 
rature of  fpriags  does  not  vary  with  the  fealbh ;  and 
thus  the  cave  of  the  obfervatory  at  Paris,  which  is 
about  ninety  feet  below  the  pavement,  preferves  the 
conftant  temperature  of  about  53  degrees*  never 
Varying  above  half  a  degree  in  the  coldeft  years; 
Van  Swinden  has  remarked,  that  the-moft  .extreme 
cold,  even  excecdiag  o  in .Fahrenheit's  icakj.if  it 
2  endures 
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endures  for  only  a  few  days,  penetrates  no  further 
than  twenty  inches,  even  when  the  ground  is  not  co- 
vered with  fnow,  and  not  more  than  ten  inches  when 
there  is  a  coat  of  fnow  on  the  furface  of  the  earth. 

The  earth  may,  therefore,  be  confidered  as  the 
great  repofitory  of  heat ; .  but  when  its  furface  is 
rapidly  cooled,  the  interior  -parts  experience  a  di- 
minution of  their  heat  in  fome  meafure  proportion- 
able, as  the  heat  is  in  that  cafe  drawn  off  towards 
the  furface.     Hence  in  Switzerland  it  has  been  re- 
marked, that  the  fnow  generally  begins  to  melt  at 
the  bottom;  and  if  the' heat  of  the  fun  is  not  ftrong, 
the  fame  thing  may  be  obferved  in  the  progrefs  of  a 
thaw,  in  this  country. 

The  furface  of  the  earth  is  capable  of  receiving 
a  great  accefijon  of  heat  from  the  fun's  rays.     But 
it  has  been  before  remarked,  that  light  has  not  the 
fame  effeft  on  a  tranfparent  medium,   for  thefe 
mediums  afford  a  free  paffage'  to  the  rays  of  the 
fun,  which  appear  to  adt  only  as  fire,  when  accu- 
mulated and  confined  within  the  minuteft  inter- 
faces of  bodies.    Hence  the  tops  of  high  moun- 
tains are  always,  even  under  the  equator,  covered 
with  fnow  j  and  hence  at  a  certain  height,  which 
varies  in  almoft  every  latitude,  it  freezes  during  the 
night  in  every  feafon,  as  was  dated  in  a  preceding 
chapter. 

Heat  is  obferved.  to  diminifh  as  we  afcend  into 
the  atmofphere,  nearly  in  an  arithmetical  propor- 
tion.. In  the  vicinity  pf  Paris,  lat.  480  50'  the 
temperature  of  the  earth  being  47%  at  the  eftimated 
•.     -.    *  height 
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height  of  11,084  feet,  it  was  found  byM.  Charles, 
the  aeroftatical  adventurer,  tobeat2i°orn°  be- 
low congelation ;  near  Dijon,  la&  47°  on  the  25th 
of  April,  the  temperature  near  the  earth  was  56*, 
but  at  the  height  of  10,631  feet,  it  was  found  by  M. 
Morveau  to  be  26° ;  and  Lord  Mulgrave,  at  the 
bottom  of  Hacklyt  Hill,  lat.  8o\  found  the  tem- 
perature of  the  lower  air  50°  j  but  on  the  fummit 
of  the  hill,  1503  feet,  only  420.  , 

Water  refembles  air  in  being  little  afie&ed  by 
the  pafiage  of  the  fun's  rays ;  but  the  bottom  of 
every  fea  or  lake,  being  opake,  the  heat  is  ftift 
capable  of  being  excited  and  colle&ed  there.    Be- 
tween water  and  earth  there  is,  however,  this  differ- 
ence, that  land  or  earth  (particularly  if  dry)  re- 
ceives  heat  very  readily  from  the  rays  of  the  fun, 
but  conducts  it  through  its  own  fubftance  very 
(lowly  to  any  great  depth;  whereas  water,  from 
its  tranfparency,  receives  heat  from  light  but  (lowly; 
but  the  heat  is  difiufed  through  the  whole  mafs 
with  great  rapidity.      Dr.  Hales  relates,  that  in 
Auguft,  1724,  when  the  air  and  the  furface  of  the 
earth  were  both  at  88,  a  thermometer,  placed  at 
only  two  inches  depth  in  the  ground,  flood  at  85, 
another  at  fixteen  inches  at  70,   and  another  at 
twenty-four  inches  at  68.    The  two  laft.  preferred 
die  fame  temperature  day  and  night  to  the  end  of 
the  month,  and  then  only  fell  to  $3.     On  the  26th 
of  Oftober,  a  thermometer  expofed  to  the  air  by 
die  fame  philofopher,  flood  at  35°  5,  but  one 
funk  two  inches  in  the  earth  was  heated  to  430  85, 

another 
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^n&t&er ;;fiwk-  fixteen ;  ipchycs  reached .  480  8,  and 
one  at  t^eatyrfipmr  jgches,  50^.  ,  He  even  found, 
that  between  the  1  ft  and  ad  of  Npvember,  when 
ttyr  external  aif  was  at  27%   a   thermometer   at 
tw/enty-feyr  inches  d?pth  ftood,at  430  8*  but  from 
March -to  September,  -the.  following  year,  the  ex- 
ternal air  was  much  warmer  th^n   the  earth  at 
fifteen  inches  or  two  feet ;  but  the  feafon  was  rainy, 
and  the  evaporation  being  confiderajble,  prevented 
the  earth  near  the  furface  from  being ;  confiderably 
warmed* 

From  thefe  experiments  it  appears,  that  the  fur- 
face  of  the  earth  may  be  confiderably  heated,  and 
yet  that  the  heat  (ball  not  penetrate  to  any  confi- 
derable  depth ;  it  appears  alfo,  that  the  earth  parts 
with  its  heat  with  difficulty  to  the  air,  and  will  re- 
tain its  natural  temperature,  which  is  .between  .40* 
and  50%  at  a  very  fmall  depth  beneath  tf>e  furface* 
.  even  when  the  air  is  below  the  freezing  point.    In 
water*  on  the  contrary,  the  heat  is  not  accumulated 
in  a  particular  part,  but  is  equally  diffyfed  through 
the  whole  mafs,  and  the  temperature,  if  the  furfacc 
is  cxtenfive,  will  be  more  in  agreement  with  that  of 
the  atmofphere  than  with  that  of  the  earth.     Near 
Marfeilles,  Dn  Raymond  found  the  fand  frequent!/ 
heated  to  1 60%  but  never  found  the  fea  hotter  than 
77°,  and  even  this  .degree  of  heat  it  appeared  to 
receive  chiefly  by  its  communication  with  the  land, 
for  on  the  19th  of  July,  1765,  he  found  that  part , 
of  the  bay,  which  was  next  the  land,  heated  to 
74V  while  the  middle  was  72%  and  the  entrance 
Vol.  It  Kk  only 
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ttnly  70V  Iri  winter,  he  oBfetved  Sie  * «tfh  c6Afed 
down  frequently  to  14*  or  1$%  "%!tit  the  4fei  tfever 
lower  than  44°  or  4jf°.j  '  - 

-  It  is  by  the  temperature  t>f  thtf  atfoofpher^thit 
tee  always  judge  when  wt  term'  the'^ei&e^  feoH 
or  hot  5  but  the  atrfiofphcre  derives  the  greater  pare 
of  Its  heat  from*  its*  c<imniuhicatioH  witK  lartd  or 
Water.  The  rigours,  thcrcf6tie,  of  the  winter's  eofcf 
Are  tempered  by  the  heat  imparted  from  the  tarth 
itfelf ;  yet  is  the  earth  parts  but  flbw!y:  with  its 
heat,  and  as  the  furface  is  found  to  be  extreme!/ 
cbol,  while  the  interior  parts  are  heated  to  the  de- 
gree of  40  or  50,  and  as  the  heat  of  wittr  is-  tnore 
equally  diffufed,  and  more  reddily  parted  with,  it 
follows  that  the  portion  df  air,  whidi*  h  inttrtnbent 
on  the  fea,  wiHbe  of  a  warmer  temperature  in  the 
extreme  colA  of  winter  than  that  whidi  is  iftcum- 
bent  upon  the  land.  ;  -..,... 

Iflandsarertnore  timperatethari  continents,  becauffi 
they  participate  more  of  the  temperature  of  the  fca. 
With  refpeft  to  thole  countries  alfo,  which  bordef 
on  the  ocean,  thofe  which  Ee  fouth  of  the  fea,  at 
leaft  in  our  hemifphere,  will  bfc  warmer  than  thofe 
which  have  the  fea  to  the  fouth  of  them,  becauft 
the  winds  which  would  co&l  diem  in  winter,  if  they 
blew  over-land,  are  tempered  by  paffing  over  the 
fea,  whereas  thofe  which  Kc  north  of  die  fea  air 
cooled  in  fummer  by  the  breezes  that  iflbe  from 

it. 

Every  habitable  latitude  muft  enjoy  a  heat  of 
<o*  at  Ibaft  for  two  months  in  the  year,  in  order 
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to  produce  and  bring  to  rtiartirtty  c6rn  and  the 

Other  itegetabte  prftdu&ionsb    The  quicknefs  with 

Which   vegetdtion    proceeds    in   high  latitude    is 

chiefly  6wing  to  the  tong  duration  of  the  fun  abovd 

the   hotifcon  ddririg  thcif  fumttor.     Dr.  Halley* 

Indecfd,  ha*  pl»dyed>  that,  abftra&ing  from  the  inter- 

Veflttori  bf  fcg^5  mife;  and  moikitaihs  of  ice*  the 

h^fte^W^athef^  might  tekeplade,  even  under  thd 

poles*  the  duhltion  6f  the  funV  light  tdmpenfctmg 

for  thft  obU^uttf  of  ift  dtredi6n. 

Among  the  caufes  of  the  changes  of  weaflie* 
hi  theft  climates,  *fj*d*lly  with  refpeft  to  heat 
of  «dld>  W8  fttrife  tfjcofcnt  the   cfrctiiriffancer  6f 
Ae  tfif  Iteihg  fcfargdd  frifr'TOgxttrj'    The  air* 
Whttt  ttottdy*  ift  ^Ap*We  of  i&etving.aAd-  rtttin-i 
fog  mem  0(  the  fqnVh^  thafT#hefr^iy  for  t3W 
ObV^ufl  JttfOhj  itlfft  ft  WAttfpy^M'  fhedidrrt  per- 
mits th»fe  ray*  td  £§&  thfotfgh  It/^whicti  tfe  irifef* 
tested  if  the  mtdiuA  fe'tKiitett  and  Idfl  peliucidi 
Htftft  a  cloudy  dif  i^fta^iitiiy  found  #arrher  tteri 
the  eaith*  oil  which  k  is  incumbent;     The  air  is 
aHb  wsfrmad  by  the  condensation  6f  "ifapour,  and 
hence  the  ofigfof  Af  hail,  whteh'  is  ra4ft  ooftdenfed 
by  pafflng  th#ot*gfc  *ir  which  is  colder  than  *  that 
Which  pNritiStA :fe -■ 

.  A  conuftttancej  H*weVer5  of  ilotldy  o*  mifty 
weather  Will  intercept  thfc;  funVriya  from  reach- 
ing the  earth,  Wftfeh  v?A  tftcttifofc  be  prevented 
fibffi  receiving  hi  due  portion  of  htat.  Th«? 
Winter  of  the  year  1783-4  was  unufually  fevere; 
and  it  is  to  be  remarked,  thit  during  feveral  of  the 
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fummcr  months  which.prcceded  it,  where   the  c£- 
icSt  of  the  fun's  rays  to  heat  the  earth  fhould  have 
beep  the  greateft,  the  whole  continent  €*f  Europe 
was  covered  with  a  kind  of  fog,  fuppofed  to  pro- 
ceed frpm  the   faioke  of  fome  volcanoes,     near 
Mount  Hecla,  in  Iceland,     T?his  fog  was  of  a  dry 
kind,  and  consequently  the  fun's  rays  were  incapa- 
ble, of  diffipating  it  j  and  th*y  were  fo  fainf,  that  id 
pafling  through  it,  when  cftUe&ed  in  the  focus  of  s 
burning  glafs,  they  woyld  fcarcely  kindle  browq 
paper*. 

A  principal  caufc.  of  the  varieties  and  chaages 
of  temperature,  and;  a  mod  powerful  agent  in  pro- 
ducing cold,  is  evaporation     On  this  Jiibjeft  if 
is  remarked,  firflv  tjiat  in  our  climates  the  evapo- 
ration is  about  four  times  as  great  between  the 
vernal  ^nd  autumnal  cqufrioy  as  in  (he  re%  of  the 
year,     adjy, ,  Other  circumftaneea ,  oqual,'  it  js ,  w- 
creafed  in  proportion  to  (he  difference  between  die 
temperature  of  the  air  and  the  evaporating  furiace; 
it  is  confequently  lead  when  {hey*  are  nearly .  of 
equal  temperature.     The  former  part  of  this  pro? 
pofition  muft  be  under  flood  with  ifcne  reftridipni 
for  if  the  air  is  rgoie  than.  15°  pokier  than  the  eva- 
porating furface,  there  is  feldom  any  evaporation  at 
all,  and  the  air  will  more  frequently,  riftPthat  cafe, 
deppfit  4  moifture.  than  .  receive  it.  .  3dly.  The  <fc- 
gree  of  cold  produced  by  evaporation  is  much 
greater  when  the  air  is  warmer  than  the  evaponfr 

*  See  Pr.  Franklin'*  Meteorological  Conieaores. 
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ing  iurfaice,  than:  when  the  fetter  is  the  warmer  of 
the  two;  for  in  the  firft  cafe  the  dilation  of  the 
vapour  is  inc^eafed,  and  in  the  fecond,  it  is  check- 
ed; v  The  more  vapour  is  dilated,  the  more  fire  or 
heat  it  abforbs ;  and  hence  it  is  coldeft  in  an  ex- 
haufted  receiver,  where  it  abforbs  moft.    Hence 
warm  winds,  as  the  harmattan,  firocco,  &c.  arc 
more  deficcatoiy  than  cold  winds.     5thly.  Evapo- 
ration is  always  increafed  greatly  by  a  current  of 
air  flowing  over  the  evaporating  furface.    Hence  a 
calm  day  is  always  better  than  one  in  which  there  is 
aftrongwind*.  ^      . 

From  thefe  fefts,  and  frorfi  wjiat  was  prcvioufly 
remarked  on  the  fubjeft  of  evaporation  in  the  fc-> 
cond  book,  it  is  plain,  that  trails  of  land  which 
ait -covered  with  trees  or  luxuriant  vegetables  are 
much  colder  than  thofe  where  there  is  a  lefs  furfaqe 
of  vegetable  matter,  fuch  grounds  emitting  one 
third  more  vapour,  according  to  fome  experiments 
of  Mr.  Williams,  than  the  fame  fpace  would  if  ac- 
tually covered  with  water  J.     Hence  too,  a  reafon 
will  evidently  be  found  for  that  amazing  change 
of  climate  which   a  country  undergoes  by  being 
cleared  and  cultivated*    America  is  not  the  fame 
country  at  prefent*  either  with  refpeft  to  tempe- 
rature or  falubrity,  as  when  it  was  covered  with 
woods. 

.  From  the  whole  of  what  has  been  dated,  it  will 
follow,  that  a  wet  fummer  will  generally  be  fuc- 

4  Rirwan  on  Climate,  c.  i. 
V.     ,  f  Philad.  Tranf.  vol.  ii.  p.  150* 
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cceded  by  afcvere  wiitfer,  toewfe  the  ckwdfoetit 
of  the  fcafon  will  prevent  the  earth  from  receiving 
a  due  portion  of  heat,  and  becauft  the  increased 
evaporation  will  contribute  lo  teffen  *e  quantity  al- 
ready lodged  there.  Much  vrtli,  however,  depend 
upon  other  circumft*nces*  and  particularly  upon  the 

courfe  of  the  wind. 

Unufual  cold  in  fiimmer  is  produced^-  ift.  From 
the  long  continuance   pf  eafteriy   or   northerly 

winds. 

adly.  prom  frequent  and  heavy  rains,  which  are 
followed  by  a  confiderable  evaporation, 

3cHy.  from  a  long  continuance  of  cloudy  wea- 
ther, which  prevents  the  earth  from  receiving  a  pror 
per  portion  of  heat  from  the  fun. 

Unufual  cold  in  winter  commonly  happens-r 

ift.  From  unufual  cold  or  wet  in  the  preceding 
ftunmer.  In  January  1709,  the  weather  was  un- 
commonly cold,  and  it  was  remarked,  that  in  the 
preceding  June  the  thermometer  was  near  the  freez- 
ing point,  and  the  f*in  confiderable  ** 
•  adly.  From  the  immediate  effeft  of  heavy  rains, 
followed  by  eafterly  or  northern  winds.  This  fiats 
of  things  produces  cold  in  any  feafoo  from  the  in* 
-creafed  evaporation. 

3<Uy.  From  wcfterly  or  foutherly  currents  in  the 
upper  regions  of  the  atmofphere,  while  eaft  or 
north  winds  prevail  nearer  the  fur&cc  of  the  earth. 

< 

*  Derhjup*?  Pbyfic.  Thug.  l,i  -e?  j. 


i.4thfty., From  the  arrival  of  Siberian  or  North 

American  winds.    It  h*s  been  calculated,  that  wt£* 

tffrijrwdnfe  ra^  arrive  in  a  few  4ays  from  AfQ£~ 

pica*  and  if  the  ocew  has  been  previobOy  cooled 

by  northern  gales,  even  thefe  will  feern  cojd  to  g*,: 

The  Siberian  Grinds  vfHl,  if  they  originate  from  a 

krver  latitude*  &cm  to  us  to  come  frota  the  fouth* 

oafb;  and,  if  they  originate  in  a  higher  latitude,  they 

wiU  appear  nortb-caft»  btpaufe  they  will  he  «Ufle&r 

ed  tfi  the  fouth* 

5thiy.  From  die  defect*  of .a  fugatori  ftfttum 
of  the  atmosphere.  This  happens  when  a  coW 
wind  ift  the  upper  regions  pa0e&  over  a  country 
where  the  lower  flrota  of  ike  atn^afpher*  are  fpe* 
cifisaUy  lighter.^— Hqnce  a  low  ftate,  of  the  baro* 
sneter  generally  precedes  extraordinary  odd  which 
k  produced  from  this  caufc  *» 

On  the  flats  of  the  atmofphere  with  refpeft  to 
heat  and  cold,  and  ftiU  more  on  the  degree  of  eva* 
porarion,  ill  the  phenprocna  of  the  aqueous  me* 
teors  of  rain>  hail,  Jhow,  Sec  will  he  ftund  to  de« 
pend;  but  thefe  will  be  treated  of  with  more  pro* 
priety  in  another  part  of  thefe  volumes*  The  ig» 
ucous  vapours  arc  alfo  conhe&ed  with  th^  lame 
caufcs,  and  ace  in  a  considerable  degree  the  effefts 
of  evaporation;  hut  their  materials  aee  diflfercnt,  as 
wdl  as  their  efie&$>  though,  from  their  craac&ent 
nature*  they  are  icarcely  at  prdfeat  fufficientty  tin* 
dcrftood.  ....  •.:.■-■    ;  .    - 

-    II        »  *  •  •    ,  ,  .     /•«  t 
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As  the  phenomena  v&ich  are  IbifUy-ele&rical 
have  been  already  treated  of,  the  only  meteors  of 
the  igneous  kind,  which' remain  to  be  confidered* 
may  be  reduced  %o  three  dalles,  viz.  fire-balls,  611- 
ing-ftars,  and  ignes  fatui. 

It  hasten  already  ftatcd,  that  the  acmofphere 
is  the  general  refervoir  of  thofe  parades  which  are 
exhaled  from  every  body  which  is  volatile,  or  fub~ 
je&  to  evaporation.  -  In  ipeaking  of  the  fire  damp 
in  mines  it  has  been  (hewn,  that  inflammable  aiir 
will  rile  in  large*  quantities,  and  to  a  confidence 
freight  in  the  atmofphere.  There  are  alio  fomc 
phofphoric  matters,  which  will  alio  occafionally  be 
rendered  volatile,  and  thefe  particles  are  fuppiied 
in  great  abundance  from  all  putrefcent  fubftaoces> 
whether  animal  or  vegetable.  It  has  been  Ihewn, 
that  hydrogen  or  inflammable  air  readily  combines 
with  fulphur,  and  fbrqis  what  is  called  hepatic  gas; 
it  will  afterwards,  appear  alfo,  that  it  will  combine 
with  phofphorus,  and  the  phofphorated  hydrogen 
gas  thus  formed  is  remarkable  for  the  property  of 
ipontaneoufly  inflaming  when,  it  comes  into  concaft 
with  atmofpherical  *  air.  Thus  we.  are  furniihed 
with  fufficient  materials  for  the  formation  of  all  the 
different  appearances  that  have  juft  been  enume- 
rated ;  and  though  the  matter  of  the  meteors  them- 
felyes  has,  for  the  reafon  affigried*  never  been  chemi- 
cally analiaed/iyet  from  analogy  it  is  not  difficult,  to 
judge  of  their  nature  and  properties. 

Thofe  phenomena,  which  are  clafled  together 
under  the  general  appellation  of  fire-balls,  were  di- 
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-vkiechby  dm  undents  infofevcral  fpecies,  accord- 
ing to  the  external  fofrm  or  appearance  which  they 
affiuncd*    They  .were  alio  regarded  by  them,  in  a 
frmch.  more  formidable  light  than  they  are  by  us, 
as  the  certain  prognoftics  of  great  and  awful  even  a 
in  the  moral  and  political  world*.    Evtn  the  philo- 
sophic Cicero  fpeaks  of  the  "  ab  pecidtintd  faces," 
as   the  certain  harbingers  or  indications  of  thofo 
bloody  fcenes  which  in  his  time  corivuiJed  and  de- 
iblated  the  Roman  commonwealth.. 

Under  the  general  name  of  cot&ets>  Pliny  enume- 

fates  a  variety  of  thefe  phenomena. .  If  the  fire 

fOmmences  at  one  extremity  of,  the  meteor,  an4 

burns  by  degrees,  he  terms  it*  from  its  form  and 

appearance,  a  lamp*  or  tonb  j  if  an  extended  mafi  of 

fire  paffes  longitudinally  through  the  atmofphere* 

he  calls  it  a  dart-,  and  if  its  length  and  magnitude 

are  coniiderable,  and  it  maintains  its  ftation  for  any 

fpace  of  time,  it  is  a  beam  \  if  the  clouds  feem  to 

part)  and  emit  a  quantity  of  fire,  he  terms  it  a 

chajm  *  *  but  this  laft  appears  to  be,  ftridtly  fpeak- 

jng,  an  ele&rical  phenomenon,  indeed  only  a  ftrong, 

^nd  vivid  flalh  of  lightning. 

Several  inftances  of  thefe  meteors  are  recorded 
by  the  lame  author.  During  the  fpe&acle  of  gla- 
diators exhibited  by  Germanicus,  one  of  them  palled 
fapidly  by  the  faces  of  the  fpe&ators  at  noon-day* 
fi  meteor  of  that  fpecies  which  he  calls  a  beam,  he 

* 

•  Lampades,  facet,  bolides,  trabes,  and  chaima  coeti.    Se« 
in,  Nat.  Hift  L  ii.  c.  25,  26. 
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adds,  was  fecit  When  die  Lacedemonians  were  de« 
Jested  at  fea,  in  that  memorable  engagement  whi<fc 
loft  them  the  empire  of  the  fea**  He  all)  men- 
tions a  ftngutneous  kind  of  meteor*  a  flame  as  red 
as  blood,  which  feU  from  heaven  abput  the  107th 
Olympiad,  when  Philip  of  Maced*n  was  concerting 
bis  wicked  plan  for  enflaving  dip  republics  of 
Greece  f.  He  relates,  that  when  he  was  himfeHf 
on  the  watch  during  the  night  in  the  Roman  camp* 
he  was  a  fpe&ator  of  a  fimilar  appearance— a 
number  of  refplendent  lights  fixed  upon  the  palifa- 
floes  of  the  camp,  fimilar,  he  fays,  to  thofe  wfeicll 
jmarincrs  fpesk  of  as  attaching  themfetves  to  the 
pwfts  and  yards  of  a  (hip  J. 

In  tropical  climates  theft  meteors  ape  more  com- 
mon and  more  ftupendous  than  in  thefe  more  tern- 
perate  regions.  €  As  I  was  riding  in  Jamaica/ 
6ys  Mr.  Barbham,  c  one  morning  from  my  habi- 
tation, fituated  about  three  miles  north-weft  from 
St.  Jago  de  la  Vega,  I  faw  a  ball  of  fire,  appearing 
to  me  about  the  bignefs  of  a  bomb,  fwiftly  felling 
dow*  with  a  great  bkae.  At  firft  J  thought  it  fcl! 
into  the  town;  but  when  I  came  nearer.  I  faw 
many  people  gathered  together,  a  little  to  the  fbuth- 
ward,  in  the  Savannah,  to  whom  I  rode  up,  to  in- 
quire the  caufe  of  their  meeting :  they  were  ad-* 
miring,  as  I  found,  the  ground's  bang  ftnmgely 

•  Plin.  Nat.  Hift.  1.  ii.  c.  25,  tS.  f  lb.  c.  27. 

J  lb.  c  37. 
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Vroken  up  and  ploughed  by  a  Ml  of  fir o  which, 

p«  t^ey  ftidi  Ail  down  there.    |  obferyed  there 

were  m^y  hoje*  «  tfce  groujtf  *  o ^  in  the  otfdd Je, 

tf  *h<?  fefgneft  of  *  «ap*?s  head,  wd  five  or  fix 

fl^&  JVVP4  Pfcut  it,  of  die  bigneft  of  one's  fill, 

a^d  |i#v4ccp  as  not  150  jk  fathomed  by  fucfc  impleT 

fnoHa  «»  *we  at  hg)d.    Jt  was  obfejyed,  alfo,  that 

ill  the,  green  hftftagt  was  burnt  up  near  the  holes  | 

WKJL  th<W  qpotuwd  a  ftrong  fiqeUof  fulpbur  near 

the  placp  for  fane  time  after/ 

UUe*  gifts  an  account  of  one  of  a  fkjiikr  kind 

9t  Qgito f.    *  Abwt  pin?  at  night/  fays  he,  c  4 

gkita  <ef  fire  appeared  to  rife  from  the  fide  of  the 

pwrontain  Pkhii*pe»  and  fa  huge,  (hat  it  fpread  * 

light  aver  aU  the  part  of  the  city  feeing  that  moun* 

tain.    The  houje  where  I  lodged  looking  that  way, 

I  was  fitfpjifed  with  an  extraordinary  light,  darting 

through  d*e  clevises  of  the  win4ow-fttutters.-  On 

this  appearance,  and  the  buftle  of  the  people  in  the 

ftrett,  I  haftcned  to  the  window,  and  came  time 

enough  to  fee  it,  in  the  middle  of  its  career,  which 

continued  from  weft  to  fouth,  till  I  loft  fight  of  it, 

being  intercepted*  by  a  mountain  that  lay  between 

jne  and  it.    It  was  round,  and  its  apparent  diame-  l 

(?r  about  a  foot,    I  obferyed  it  to  rife  from  the 

fides  <>f  Pichinca>  although,  to  judge   from  its 

pourfc,  it  was  behind  thttt  mountain  where  this 

pongcries  of  inflammable  matter  wsp  kindled.    In 

jhe  firft  half  of  its  yi£bk  courfe  it  emitted  a  prodi* 

?  Iflfo*  rol,  i.  p.  41. 
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gious  effulgence,  then  it  began gradtfallf  to'  graft* 
dim ;  fo  that,  upon  its  dha^pearing  behind  the  in* 
tervening  mountain,  its'  Kght  wai'very  faifcfc'*    -  *  •" 
*  Metprs  of  this  kihd'  fife  Very  #«qti&ty%& 
between  the  tropics ;  but  they  fometitoies^aHJl?  vifit 
the  more  temperate  regiotife  <6fEurope.    Wtlhkve 
the  defcription  of  a  very  extraordinary  ori^^fogn 
tis  by  Montartari,  that  ferves  to  (hew  to  WlfttPgreat 
heights,  inouratmofpherei  thefe  vapours  are  found 
to  afcend.     In  the  year  1676,  a  great  globe  of  fire 
was  feen  at  Bononia,  in  Italy,  about  three  quarters 
of  an  hour  after  fun-fet.     It  paffed  weftward,  with 
a  molt  rapid  courfe,  and  at  die  rate  of  nor  k& 
than   a  hundred  and   fixty   miles    in    a  minute, 
which  is  much  fwifter  than  the  force  of  a  cannon- 
ball,  and  at  laft  flood  over  the  Adriatic  fea.  .  In 
its  courfe  it  croffed  over  all  Italy ;  and,  by  com- 
putation, it  could  not  have  been  lefs  than  tfwty- 
eight  miles  above  the  furfacc  of  die'  earth.     In  the 
whole  line  of  its  courfe,  wherever  it  approached, 
the  inhabitants  below  could  diftiriltly  hear  it,  with  a 
hiding  noife,  refembling  that  of  a  fire- work.    Hav- 
ing patted  away  to  fea,  towards  Corfica,  it  was 
heard  at  laft  to  go  off  with  amoft  violent  explofion, 
much  louder  than  that  of  a  cannon ;  arid,  immedi- 
ately after,  another  noife  was  heard,  like  the  rattling 
of  a  great  cart  upon  a  ftony  pavement,   which 
was,  probably,  nothing  more  than  the  echo  of  die 
former  found.     Its  magnitude,  when  at  Bononia^ 
appeared  twice  as  long  as  the  moon  one  way,  and 
as  broad  the  other  *  fo  that,  conficfering  its  height, 

it 
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fers&ttildltt^Juur*  beervlefs  than  a  ift'de  lohg  ,ito& 

£a*if  *  •  rnilp  bx&ad:     Fhmq  the  height  -  at  vlhkh  this 

v^;ifecn,-*nd)the«  b^iug  w>  volcano  oflT.tta£  qunr- 

toft  <*£  thtir  w0rki  from  .whence: it  came,  ic  is  more; 

t^an  .probable;  that  this  terrible,  globe;  was  kindled: 

oa  fottie  part  of  ;he  cpr«rary  fide  of  the  gjobe,  iiy 

tfcofc  regions  of  yapo*ws  which  we  have  been  juft 

ge&ob'tqg,   and  thus,£rUuSg  above  the   fur>  and 

.pfifliog^iD  a;0ourfe#ppofit3  to  c^  $f  ^  earth's  ^ 
niotian,  in  thb  nrt^nn^c  it  acquired  ks  amazing  ra^ 

pfclityV 

?  'Two  of  thtofe  meteors  appeared  in  this  country  i^ 

the  y*ar  17 S3,  of r^hich  a  moft  particular  »tijd  tfufy 

philosophical  account,  and  ingenious  folution,  by  Dr* 

BJagctan,  is  pnbliihed4n  the  Phik>fpphi(»li  Tranfacn 

t&n*  of  the  foUatfirig  ym.i  *»&.*s  rhi^^ceount 

will  apply  to  many;  >pt^nomenavJQf  ;the  kind,  I< 

qanaot  >take  any  better  method  to  elucidate  Ms  par& 

pf  thn;fiibje£ti  than byvfcteforing  my.  reader*  with  a 

toortabftradt  of  this  very  <jiif  ions  a^d  leaned  memoir. 

The  firft  of  the  two  npeteors  in  queftiba^as  feen 

on  the  :iBtRaof  Auguft,  and  was,  in,  appearance,  a 

luminous  ball,  which:  rofe  ih  the  N.K.W.  nearly 

round ;  it,  however,  foon  became  elliptical,  and 

gradually  afiumed  a  tail  as  it  afcended,  and,  in  a 

certain,  part  of  its  coiirfe,  feemed  to  undergo  a 

remarkable,  change,  compared  to  burfting;  after 

which  it  .proceeded  no  longer  as  an  entire  mafs,  but 

was  apparently  divided  into  a  clutter  of  balls  of 

,     different  magnitudes,  and  all  carrying  or  leaving  a  . 


*  Goldfmkh'*  Hilh  Earth,  Vol.  I.  p.  38a. 
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tram  behind,  till,  having  paflfed  the  *a£t, aad^tfglng 
<toi&derabtyt&  the!  food*  it  gradtatty  dbfeasA^tdu 
and  wa*  Idft  mi t  of  fight*  The  time  of  Its  appear* 
*nt*  WAs  about  fixfeetl  ttlifititeft  paft  nihfi  ill  USA 
*vening>  and  it  was  vifible  itout  half  a  MfitmL  I* 
Was  feen  in  all  parts  of  Great  Brkafft,  at  I^Lfi**  «B 
"Nuits  ifr  Burgundy,  ah<J  even  at  Rome,  iaAk 
fappofed  td  ha^e  defaulted  a/tfaft  of  one  thoufanft 
ftiiles  at  leaft  oVer  the  fufface  of  the  eatjh.  It 
appears  to  have  bitfft  and  re-itfiktd  feVeral  tiftfe*  i 
and  the  firft  burfting  bf  it  which  was  noticed  feeaM 
fo  have  been  &mewfr*tt  0*«  Lincohrfhlre,  perhaps 
hear  the  eommerittifteiR  of  the  &nft<  This  change 
in  die  meteor  corfefpdfcds  with  the  period  iq  which 
it  (ntkrtd  a  deviation  ftoiW  its  courfe.  If,  oidcetf* 
the  expkrfibn  Was  arty  kind  of  dfcrt,  we  cannot  wofr* 
der<  that  the  body  torti*  be  .diverted  by  it  from  its 
direft  line;  andean  tfc&tkter  tartdy  it  feem*  equally 
probable,  that  if  it  w**  forced  b^  g^y  ediift  to 
change  its  dire&ion*  the  oonfequeace  would  natua 
rally  be  a  reparation  of  fa  pan*      .-  » ,  .  i 

The  illumination  of  thefe  meteoA taoften -fa  greal 
as  totally  to  obliterate  the  ftars,  to  mike  the  tenon 
look  dull,  and  e ten  to  affe&the  fpe&atori  like  ate 
fun  itfelf*  When  this  meteor  was  obferved  at  Brafr 
fc\$i  the  moon  appeared,  quite  red,  but  whqri  it  was 
paflcd,  recovered  its  natural  light.  This  dfeft*  the 
Dodor  remarks,  muft  have  depended  on  ,thc  con* 
tfaft  of  colour,  and  (hews  how  large  a  proportion  of 
the  blue  rays  enters  into  that  light  which  could 
even  make  thtjiher  moon  appear  to  have  an  excels 

Of 


trf^ttedL     The  tibtfy  of  the  fire-baH,  even  before"  tt-: 
btorfti  did  nbt~appear  of  an  uniform  brightnfefc,  but' 
c&tAfttd  «f  fafeSd  and  dttH  part?;  tfhtch  were  con-  • 
fl&fcntly  Changing  their  rfcfyeftive  pbiitiohs,  fo  that 
the  Whole  effeft  wis  <  to  fame  tyes  likfc  aft  internal 
agitation  or  BbiHhg  of -the  matter*    By  th*  bed  ac- 
cents that  could  be  procured  Concerning  the  hdgfcr 
of  th^  meteor,  «!  fechw  to  fca^e  varied  from  fifty- 
five  to  fixty  miles.    In  thefe  two  laft  particulate' i* 
I    l&ttisr  to  have  wdritfotfully  c6rre$ohded  with  fotne 
!     cfthdf' phenomena  of  th<S  feme  kind. 
,      *  A  report  was  heard  fome  time  aftfet  the  meftor 
I     cfifappeared,  and  Ait  report  was  loaded  ih  tin- 
I      colnfhtre  and  the adjkfcent  parts*  and  again  in  the 
I      caftertt  parts  of  Kfcnt ;  thic  report  We  taay  therefore 
(lippdfe  to  be  the  e#e£  of  the  two  efcplofions^ 
the  body,;  firii  over  Lincolnfliire,  and  afterwards 
*hen  it  entered' the  cohtihent ;  a  hiffing  fctind  was 
firtd  alfo  to  have  accompanied  the  progrefe  of  the 
meteor.    Judging  from  the  height  of  the  meteor, 
its  bulk  is  conje&ured  to  have  been  not  fefs  than 
Haifa  mite  in  diameter ;  and  when  we  conftder  thi* 
bulk,  its  velocity  cannot  fail  to  aftonifh  us,  #hich  is 
fuppofed  to  be  at  the  rate  of  more  than  forty  mile* 
hi  a  fecond. 

The  other  meteor,  which  appeared  on  the  4th  of 
Oftobef,  at  forty-three  minutes  paft  fix  in  the  even* 
mg,  was  much  fmaller  than  the  former,  and  of  a 
much  Jhorter  duration.  It  was  firft  perceived  to 
the  northward,  as  a  ftream  of  fire,  like  the  common 
{hooting  liars,  but  large;  but  prefently  burft  out 

into 
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into  that  inteafely  bright  bluifh  flame,  which  »  fie* 
Ciiliar  to  fuch  meteors.    It  left  behind   it  a,  dutkj 
red  ftreak  of  fire,  aadT  except  this,  had  no  tail,  fac 
was  riearly  globular.     After  moving  not  IeJs  thai 
ten  degrees  in  {his  bright  ftatc,  it  became  fudekoiy 
extinct  without  any  captation.  •   The  height  of  d$ 
meteor  muft^  have  o^cea  between  forty    and   fifiy 
miles;  and  its  duration  ( was  hot  oporc.xhaa  three 
feconds*  ,   ,r     . 

The  Do&or  is  of  opinion,  that  the  general  came 
of  thefe  phenomena  is  elf&rtcity*  wjuch  opinion  he 
grounds  upon  the  following  circumftances;— ift, 
The  velocity  of  thefe  .meteors,  in  which  they  cor- 
refpond  with  no  other  body  in  nature  but  the  elec- 
trical fluid,     adly,  The  electrical  ,  phenomena  at- 
tending meteors  the  lambent  flames^  anfl  the  fparks 
proceeding  froip  th^m,  which  h^ye  fcrnetimes  d?~ 
piaged  {hips  and  houfes  in  the  manner  of  lightning i. 
and,  added  to  xhcfe,  the  biffing  (bund,  refembling 
that  of  cle&ricity  pafling  from  ^  condu&or.     As  1 
third  argument  in  favour  of  this  hypothecs*  the 
D  oft  or  remark*  the  connection  of  meteors  with  the 
northern  lights.      In  (lances  are   recorded,  where 
northern  lights  have  bee$  feen  to  join,  and  form  lu- 
minous bails,  darting  about   with  great  velocity, 
and  eyen  leaving  a  train- like  fire-balls.     The  au- 
rora borealis  appears  to  occupy  as  high*  if  not  a 
higher,  region  above  the  futface  of  the  earth,  as 
may  be  concluded  from  the  very  diftant  countries. 
to  which  it  has  been  vifible  at  the  fame  time.  4thly, 
The  mod  remarkable  analogy,  the  Dodgr  thinks, 

is 
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is  the  courfe  of  at  leaft  all  the  larger  meteors,  which 

feems  to  be  conftantly  from  or  towards  the  north  or 

north- weft  quarter  of  the  heavens.     Of  above  forty 

different  fire-balls  defcribed  in  the  Philofophical 

Tranfaftions,   twenty  are  fo  defcribed,  that  it  is 

certain   their  courfe   was  in  that  dire&ion ;  only 

three   or  four  feem  to  have  moved  the  contrary 

way  ;  and  with  refpeft  to  the  remainder,  it  is  left 

doubtful,  from  the  imperfeft  date  of  the  relations. 

Notwithftanding  the  Db&or's   ingenious  argu- 
ments, I  cannot,  on  my  own  part,  fubferibe  to 
the  opinion,  that  thefe  phenomena  are  altogether 
ele&rical.     The  duration  of  the  fire-ball,  the  une- 
qual confiftency  of  the  mafs,  and  feveral  other  points 
in  the  narration,  feem  to  indicate  that  its  materials 
were  of  a  lefs  rare  and  evanefcent  nature  than  the 
ele&ric  fire.     The  unibn  of  phofphorus  and  hydro- 
gen in  the  atmofphere,  will  fufficiently  account  for 
the  inflammation  of  thefe  maffes  of  volatile;  matter, 
and  their  colour  will  depend  on  the  nature  of  the 
compofition,  as  is  plain  from  what  has  been  faid 
upon  the  fubjefit  of  the  fire- works  produced  from  in- 
flammable air  *. 
One  inftance  more  of  this  kind  of  phenomena  I 
.    fhall  beg  leave  to  mention,  particularly  as  it  differs 
in  many  refpefts  from  the  preceding ;  and  from  its 
duration,  and  the  ftrong  fmell  which  attended  the 
expiofion,  it  feems  not  to  have  been  the  eflfedt  of 
cle&ricity. 

•  See  Chap.  V. 
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On  board  the  Montague,  under  the  comrhand  of 
Admiral  Chambers,  in  lat.  42*  48'.  long.  9*  3'.  on 
the  4th  of  November  1745,  about  ten  minutes  be- 
fore twelve,  as  the  author,  Mr.  Chalmers,  was  tak- 
ing an  obfervation,    one  of  the  quarter- mailers 
defired  he  would  look  to  the  windward*     On  di- 
recting his  eye  that  way,  he  obferved  a  large  ball  of 
blue  fire  about  three  miles  diftance  from  them; 
they  immediately  lowered  the  topfails,  but.it  came 
fo  faft  upon  them,  that  before  they  could  raife  the 
main-tack,  they  obferved  the  ball  rife  almoft  per- 
pendicularly, and  not  above  forty  or  fifty  yards 
from  the  main  chains,  when  it  went  off  with  an  ex- 
plofion  as  great  as  if  hundreds  of  cannon  had  been 
di (charged  at  the  fame  time,  leaving  behind  it  a 
ftrong  fulphureous  fmell.     By  this  explofion  the 
main-top  maft   was  fhattered   in  pieces,   and  the 
main-maft  fent  quite  down  to  the  keel.     Five  men 
were  knocked  down,  and  one  of  them  was  greatly 
bruifed,  and  fome  other  damage  of  lets  importance 
was  done  to  the  (hip.     Juft  before  the  explofion, 
the  ball  feemed  to  be  of  the  fize  of  a  large  mill- 
rtone. 

The  (hooting  or  falling  (tar  is  a  common  pheno- 
menon, but  though  fo  frequently  obferved,  the  great 
dift&nce,  and  the  tranfient  nature  of  thefe  meteors, 
added  to  the  entire  confumption  of  their  materials  *, 

have 

*  It  is  a  vulgar  notion,  that  the  fmall  mattes  of  white  jelly, 
which  are  fometimes  found  in  the  fields,  are  produced  from  the 
4alling  ftan,  and  it  is  ealled  flar  jelly.     Thu  jelly,  however,  ur 
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Have  hitherto  fruflxated  every  attempt  to  afcertain 
ulicir  caufe.     It  is,  however,  reafonable  to  fuppofe, 
that  they  are  intrinfiodly  the  fame  with  the  larger 
xxicteors,  as  in  moft  of  their  properties  they  pcrfedtly 
correspond  with  them*    If  die  larger  meteors  are 
formed  from  any  mixture  or  combination  of  inflam- 
mable air  with  pholphorus,  or  any  other  fubftance* 
the  (hooting  ftars  are  probably  the  fame.    If,  on 
the  contrary,  thfe  larger  meteors  are  elefbrical,  there 
is  equal  reafon  for  fuppofing  the  fmaller  ones  to 
proceed  from  the  fame  caufe*    Some  philofophers, 
(     indeed,  reprefent  both  as  mafles  of  eledricity,  at  fo 
1     great  a  diftance  that  their  angular  velocity  is  not 
Sufficient  to  prevent  the  eye  from  difcerning  their 
fh&pe.    There  art,  however,  three  reafons  which 
operate  againft  this  hypothefis.     ift,  The  height  of 
thefe  meteors  is  frequently  above  that  to  which 
clouds  afcend,  and  clouds  are  the  common  atmofphe- 
rical  conductors  of  eledtricity.     adly,  They  do  not 
proceed  from  a  cloud,  as  flafhes  of  lightning  uniformly 
do*    And,  3dly,  There  is  no  noife  refembling  that 
of  thunder  at  their  firft  emiffion  or  appearance ; 
the  noifc  in  the  large  meteors  only  takes  place 
'  when  the  mafs  ieparates  or  goes  off  like  a  fky- 
rocket,  and  in  this  cafe  the  effect  is  fimilar  to  that 
of  gunpowder,  or  any  difploding  body. 

Concerning  the  nature  and  compofition  of  the 
ignis  f at uus,  or  will-o'-thc-wifp,  there  is  lefs  difpute ; 

the  excrement  of  the  heron,  bittern,  or  fome  animal  of  the  crane 
kind,  which  feed  on  aquatic  animals,  and  have  peculiar  organs 
efdigeftfeiv 
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the  generality  of  philofophers  being  agreed,  that  i: 
is  caufed  by  fome  volatile  vapour  of  the  pholphorir 
kind,  probably  the  pfrofphoric  hydrogen  gas.     The 
light  from  putrefcent  fubftanccs  *,  particularly  pe- 
trid  fifh,  and  thofe  fparks  emitted  from  the  fea,  or 
fca-water  when  agitated  in  the  dark,  correfpond  in 
appearance  with  this  meteor*     Sir  Ifaac   Newtoc 
defines  the  ignis  fatuus  to  be  <c  a  vapour  Alining 
without  heat ;"  and  it  is  ufually  vifible   in  damp  i 
places,  about  dunghills,  burying  grounds,  and  other 
fituations,  which  are  likely  to  abound  with  phot 
phoric  matter. 

A  remarkable  ignis  fatuus  was  obferved  by  Mr. 
Derham,  in  fome  boggy  ground,  between  two  rocky 
hills.     He  was  fo  fortunate  as  to  be  able  to  ap- 
proach it  within  two  or  three  yards.     Ic;  moved 
with  a  brifk  and  defultory  motion  about  a  dead 
thiftle,  till  a    flight  agitation  of  the   air,    occa- 
fioned,  as  he  fuppofed,  by  his  near  approach  to  it, 
occafioned  it  to  jump  to  another  place ;  and  as  he 
approached,  it  kept  flying  before  him.     He  was 
near  enough  to  fatisfy  himfelf,  that  it  could  not  be 
the  fhining  of  glow-worms  or  other  infe&s — it  was 
one  uniform  body  of  light. 

•  M.  Beccaria  mentions  two  of  thefe  luminous  ap- 
pearances, which  were  frequendy  obferved  in  the 
neighbourhood  of  Bologna,  and  which  emitted  alight 
equal  to  that  of  an  ordinary  faggot.  Their  mo- 
tions were  unequal,  fometimes  rifing,  and  fome- 

•  This  fnbjedt  will  be  more  amply  treated  of  in  the  (acced- 
ing Book,  under  the  title  Phofphorus,  Book  VIII. 

times 
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times  finking  towards  the  earth  j  fometimes  totally 
•  difappearing)  though  in  general  they  continued  ho- 
vering about  fix  feet  from  the  ground.  They  differed 
in  fize  and  figure;  and,  indeed,  the  form  of  each 
'was  fluctuating,  fbmetimes  floating  like  waves,  and. 
dropping  fparks  of  fire.      He  was  afiured  there 
?    was  not  a  dark  night  in •  the  whole  year  in  which 
1     they  did  not  appear ;  nor  was  their  appearance  at 
all  affedted  by  the  weather,  whether  cold  or  hot, 
fnow  or  rain.     They  have  been  known  to  change 
their  colour  from  red  to  yellow  -,   and  generally 
grew  fainter  as  any  perfon  approached,  vanifliing 
entirely  when  the  obferver  came  very  near  to  them, 
and  appearing  again  at  fome  diftance. 

Dr.  Shaw  alfo  defcribes  a  Angular  ignis  fatuus, 
which  he  faw  in  the  Holy  Land.     It  was  fometimes 
globular,  or  in  the  form  of  the  flame  of  a  candle ;  and 
immediately  afterwards  fpread  itfelf  fo  much,  as  to 
involve  the  whole  company  in  a  pale  inoffenfive 
light,  and  then  was  obferved  to  contradt  itfelf  again, 
and  fuddenly  difappear.  In  lefs  than  a  minute,  how- 
ever, it  would  become  vifible  as  before,  and  run  along 
from  one  place  to  another  *  or  would  expand  itfelf 
over  more  than  three  acres  of  the  adjacent  mountains. 
The  atmofphere  at  this  time,  he  adds,  was  thick  and 
hazy. 

In  a  fuperftitious  age  we  cannot  wonder  that 
thefc  phenomena  have  all  been  attributed  to  fuper- 
natural  agency  j  it  is  one  of  the  nobleft  purpofes  of 
philofophy,  to  releafe  the  mind  from  the  bondage  of 
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imaginary  terrors;  and  by  explaining  the  modes  ix 
which  the  Divine  Providence  difpofes  the  different 
powers  of  nature,  to  elevate  our  thoughts  to 
one  firft  caufe ;  to  teach  us  to  fee  cc  God  in  aJJ, 
all  in  God/' 


Chaf. 
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Chap,    XIII, 


OF    THE    PROGNOSTICS    OF    THE 

■  •  *  *  *  " 

Irnjvrfefl  State  of  this  Branch  of  Science. -r-Proguoftics  of  Weather 

from  the  previous  State  of  life  Seafon.—From  the  Undulation*  of 

the  Atmofphere.—From  the  Barometer.— r  From  Fogs.— From 

Cloud's. —^Frorn  Projpe8s.—From  the  Dew.— -From  the  Sfy.— 

From  the  Moon.— 'From  the  Wind.— 'Remarks  on  Water  and 

Wood. 

A  METHODICAL  arrangement  of  meteorolo- 
gical phenomena,  by  which  more  certain 
prognoftics  of  the  weather  might  be  procured,  is  a 
great  defideratum  in  the  fcale  of  ufeful  knowledge* 
That  philofophers  have  already  a  confiderable  ac- 
quaintance with  the  nature  of  beat,  water,  and  air, 
{heir  numerous  and  ingenious  experiments  fuffici- 
eijtly  prove ;  but  when  thefe  three  ingredients  of 
nature  arfe  in  a  compound  ftate  floating  round  our 
globe,  and  producing  all  thofe  various  agitation* 
and  combinations,  known  under  the  general  deno- 
mination of  weather,  then  their  knowledge  ft  ems  to 
be  without  fyftem,  without  certainty,  apd  contrary 
to  fhc  very  end  of  trije  philofophy,  ajmoft  without 

L  1  4  utility. 
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utility.  From  the  combination  of  air  and  water 
with  heat,  from  their  circulation  and  their  decom- 
pofition,  arifes  all  that  variety  of  weather  of  which 
the  atmofphere  of  all  countries,  and  particularly 
that  of  iflands,  is  fo  fufceptible.  It  is  well  known, 
that  water  exhales  from  the  furface  of  the  earth  in 
the  form  of  a  rare,  invifible,  expanded  vapour,  and 
that  after  it  has  been  difpfcrfed  in  the  air,  and  fuf- 
pended  in  it  for  fome  time  in  that  ftate,  it  is  after- 
wards condenfed  into  mifts  and  clouds,  and  after- 
wards; when  collefted  into  drops,  it  defcends  in  rain, 
hail,  or  fnow,  to  the  earth  whence  it  originally 
proceeded,  to  Le  there  re-evaporated  and  circulated 
again  through  the  atmofphere. 

The  atmofphere  itfelf  is  influenced  and  modified 
by  the  variations  of  its  denfity;  by  its  humidity; 
by  the  precipitation  of  the  aqueous  particles  into 
rain  5  by  the  wind ;  by  the  power  6f  electricity  i 
And  by  thfc  agency  of  heat  and  cold,  as  remarked  in 
tfae  preceding  chapter. 

Tkougtf  the  fcience  of  predifting  the  weather  is 
at  prefeni  vague  and  imperfefl:,  becaufe  it  is  but 
lately*  thaf  accurate  obfervations  have  been  made  on 
the  changes  of  die  weather,  yet  from  what  We  may 
i*>lle6k  from  the  works  of  Dc  Luc,  De  Sauflure, 
Marfhall,  and  Kirwan,  we  are  authorized  to  expedt 
fome  fuccefs  in  thofe  inquiries.  But  it  can  hardly  be 
fuppofed  ril£t  their  obfervations,  in  the  prefent  ftate 
bf  fcience,  will  tfc  fufficient  to  form  a  perfeft  theory, 
till  feconded  by  thofe  of  fucceeding  times.     For  this 

falutary 
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lalutary  end  it  will  be  neceffary  to  make  as  many 
obfervations  on  the  different  figns  of  the  weather  as 
pofllble,  fince  it  is  only  by  their  combination  and 
concurrence,  that  uncertainty  can  be  removed. 

The  principal  means  of  predi&ing  the  changes  of 
^weather,  and  particularly  with  relpedt  to  rain  or 
drought,  may  be  reduced  to  feven,  viz.  1  ft.  From 
the  preceding  ftate  of  the  weather,  ad.  From  the 
undulations  of  the  atmofphere.  3d.  From  the 
barometer*  4th.  From  the  appearance  of  the 
clouds.  5th.  From  the  colour  of  the  iky.  6th. 
From  the  wind.     7th.  From  the  moon. 

I.  As  the  caufes  of  every  change  of  weather  mull 
have  preceded  for  fome  time  the  effedt,  it  is  ip 
general  by  an  attention  to  its  previous  ftate,  that 
we  are  enabled  £6  form  the  moft  accurate  judgment 
of  what  weather  is  to  be  in  future  expected ;  from 
a  feries  of  obfervations  made  from  1677  t0  I7^9> 
Mr.  Kirwan  lays  down  the  following  rules  or  prin- 
ciples. 

1  ft.  When  there  has  been  no  ftorm  before  or 
after  the  vernal  equinox,  the  enfuing  fummer  is 
generally  dry,  at  lead  five  times  in  fix. 

ad.  When  a  ftorm  happens  from  an  eafterly 
point  either  on  the  19th,  20th,  or  21ft  of  March) 
the  fucceeding  fummer  is  dry,  four  limes  in  five. 

3d.  When  a  ftprm  arifcs  on  the  *5th,  26th,  or 
27th,  of  March,  and  not  before,  in  any  point,  the 
fucceeding  fummer  is  generally  dry,  four  times  in 
five. 

4th. 
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4th.  If  there  fhould  be  a  ftorm  at  S.  W-  or 
W.  S.  W.  on  the  1 9th,  20th,  or  lid,  the  fuceeediBg 
fommer  is  generally  "?et>  five  times  in  fix. 

Mr.  Kirwan  adds,  rhat  it  rains  Icfs  in  Marcfr  than 
in  November,  in  the  proportion  of  {even  to  twelve. 
It  generally  rains  lefs  in  April  than  in  Oftober-,  ii 
the  proportion  of  one  to  two;  lefs  in  May 
September,  in  the  proportion  of  three  to  fci 
When  it  rains  plentifully  in  May,  it  generally 
but  little  in  September ;  and  the  contrary.  A  w< 
is  accounted  wet  when  it  contains  four  wet  days,  or 
more ;  a  month,  when  it  contains  three  wet  weelcs^ 
and  a  feafon/or  quarter  of  a  year,  when  it  contains 
two  wet  months,  He  terms  that  a  wet  day  in 
which  rain  falls  to  the  amount  of  one  pound  troy, 
in  the  fpace  cf  a  fquare  foot. 

In  any  given  year,  the  probability  of  a  dry  Ipring 
is  in  the  proportion  of  twenty-two  to  fix  wet,  and 
thirteen  variable.  Of  a  wet  fummer  it  js  twenty  to 
fixteen  dry,  and  five  variable.  Of  a  variable  autumn, 
nineteen  to  eleven  of  wet  or  dry.  That  is,  out  of 
forty- one  years  the  fpring  in  twenty-two  will  ^e  dry, 
&c.  j  and  fo  in  proportion  *. 

II.  Among  the  various  means  of  prognosticating 
the  weather,  remarked  by  the  late  Mr.  Adams  f> 
one  of  the  moft  important,  in  his  opinion,  feems  to 
be  that  undulating  motion,  or  diurnal  tumult  in  the 
air,  which  is  kept  up  by  the  heat  of  the  fun.     Th« 

•  Mem.  Royal  Irifh  A$ad.  VoL  v. 
t  Dictation  on  the  Barometer. 
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tumidity  raifed  from  the  earth  by  the  heat '  of  the 
fan,  is  fuftained  in  the  atmofphere  by  its  heat,  and 
the   agitation  of  the  air.     Though  this  motion  is 
not  always  vifible  to  the  naked  eye,  yet  by  the  help 
of  a  good  telefcope  it  becomes  eminently  confpi- 
cuous ;  every  objedt  appears  to  be  in  violent  agita- 
tion, and  the  boundary  line  of  the  fenfible  horizon, 
which  would  otherwife  be  clear  and  well  defined,  is 
waved  like  a  field  of  corn  agitated  by  the  wind,  or 
the  furface  of  the  fea  in  a  frefh  gale.    While  theft: 
undulations  continue  in  the  air,  die  vapours  remain 
there  j  but  when  the  fun  departs,  and  they  fubfide, 
thefe  aqueous  particles  become  condenfed,  and  de- 
fcend  to  the  ground  during  the  night,  and  in  the 
morning  afllime  the  appearance  of  dew. 

1 

1 

»  * 

III.  The  greateft  acquifuion,  perhaps,  that  ever 

was  made  to  natural  philofophy,  with  refped  to 

afcertaining  the  changes  of  the  weather,  was  the 

difcovery  of  the  Barometer.    The  nature  and  ufes 

t>f  this  inftrument  have  been  pre vioufly  defcribed  *. 

It  is  evident,  that  when  the  mercury  rifes  in  the 

tube,  the  prefiure,  weight,  or  denfity  of  the  air  muft 

be  augmented ;  but  the  relation  that  exifts  between 

this  prefiure  and  the  change  of  weather,  which  does 

not  take  place  (bmetimes  till  ten  or  twelve  hours 

afterwards,  ftill  remains  to  be  explained. 

The  prefiure  of  the  air  upon  the  refervoir  of  the 
barometer  proceeds  in  ^general  from  its  weight,  and 
jbmepmes  from  its  elafldcity.    It  has  been  proved, 

•  Sec  this  Book,  Chap.  IX. 

that 
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that  thefc  two  properties  of  air  fometimes  vary,  and, 
confequcntly,  the  preffure  which  they  produce. 
Whenever  the  air  diflblves  a  great  quantity  of  wa- 
ter, its  fpecific  gravity  is  increafed  -,  the  column  of 
air  which  reds  upon  the  refervoir  of  the  barometer 
becomes' heavier,  and  the  mercury  rifes.  If  die  fo- 
lution  is  not  petfeft,  the  tranfparency  of  the  air  will 
be  difturbed j  hence  a  kind  of  mill  will  be  pro- . 
duced,  which  will  generally  c&ufe  the  mercury  in  the 
barometer  to  rife  •,  but  if  the  fblotion  is  perfedt,  the 
tranfparency  of  the  air  will  be  complete,  and  fine  wea- 
ther return,  as  the  mercury  in  the  barometer  predicted 
by  its  afcent.  While  certain  caufts  determine  this, 
water,  which  is  held  in  feiutipn,  to  defcend  into  the 
lower  region  of  the  atmo(phere,before  it  is  fufficiendy 
condenfed  to  be  regularly  formed,  into  rain,  there 
is  another  part  of  it  which  will  have  previously  ar- 
rived at  the  furface  of  the  earth.  As  a  proof  of 
this,  it  is  obfervable,  that  when  the  weather  is  about 
to  change  to  rain,  all  bodies  which  are  impenetra- 
ble to  water,  fuch  as  bars  of  iron,  hard  ftones,  &c. 
are  found  to  be  moift  or  wet.  The  column  of  air 
which  preffes  upon  the  refervoir  of  the  barometer, 
will  become,  therefore,  lighter  by  the  lofs  of  that 
portion  of  water  already  arrived  at  the  earth ;  and 
the  barometer  will  defcend,  and  predidl  the  rain, 
which  will  come  in  a  fhort  time  after,  being  formed 
by  the  remainder  of  the  water,  which  will  then  hdve 
had  time  to  be  formed  into  regular  drops  *. 

It  muft  be  confefled,  that  there  are  fome  appear-, 
ances  which  feem  to  contradict  this  explanation. 

•  Briflbn.  Vo!.  i. 

It 
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It  fbmetimcs  happens,  that  the  barometer  rifes  even 
during  rain,  while  the  air  difcharges  itfelf  of  the 
water  which  it  held  in  folution :  it  alfo  ^happens  fre- 
quently, cfpecially  in  the  winter,  that,  during  whole 
months,  every  time  that  the  mercury  rifes  in  the 
barometer,  rain  continues  to  fell ;  and  every  time 
that  it  defcends,  fine  weather  returns.   Still  this  may 
be  reconciled  to  what  has  been  ftated ;  for  as  (as 
has  been  already  obferved)  it  is  the  great  quantity 
of  water  diflblved  in  the  air  which  augments  its 
weight,  if,  therefore,  during  rain,  a  new  folution  of 
water  (hould  by  any  means  be  effe&ed  in  greater . 
abundance  than  the  quantity  which  falls  (and  this 
we  know  may  happen  from  various  caufes)  the 
barometer  will  rife.     If  the  water  fo  diflblved  re- 
mains in  the  lower  region,  this  rife  of  the  barome  - 
ter  will  predict  a  frefh  fall  of  rain,  which  often 
happens  in  fuch  cafes.    In  fliort,  if  the  air  diflblves  a 
great  quantity  of  water,  and  at  the  fame  time  cold, 
,  or  fome  other  caufe,  fhould  impede  that  water  from 
diflblving  perfectly,  and  rifing  to  a  great  height,  it 
will  augment  the  weight  of  the  air  in  a  proportionate 
degree,  and  will  caufe  the  barometer  to  rife ;  and 
in  the  mean  time  it  will  be  ready  to  be  collected' 
into  drops,  and  formed  into  rain,  which  will  foon 
after  take  place.     While  this  rain  continqes  to  fall, 
if  there  is  no  new  folution  effedted,  the  air  will  be- 
come lighter;  the  barometer  will  fall;  and,  not- 
withftanding  that,  it  will  predict  fine  weather,  which, 
according  to  this  rule,  ought  to  happen.   That  kind 
of  relation  which  appears  to  fubfifl:  between  the 

weight 
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weight  of  air  and  the  change  of  weather,  according 
to  circumftances,  may  be  accounted  for,  therefore; 
in  this  manner*    Fine  weather  may  happen,  not- 
witMtynding  the  diminution  of  the  weight  of  air, 
when  feme  other  elaftic  fluid,  lighter  than  it,  be- 
comes intermixed  with  it,  without  taking  away  tie 
tranfparency.     In  Ihort,  the  clafticity   of  air,  the 
force  of  which  may  vary  from  different  caufes,  will 
ftill  contribute  to  vary  its  preffure.     This  elafticity 
a&s  fometimes  in  conjunction  with  the  weight,  fo  as 
to  increafe  the  effedt  of  it ;  at  other  times  it  a&s  in 
a  contrary  way,  and  may  alfo  diminish,  or  even 
counterbalance,  the  efiedfc  of  the  augmentation  of 
weight.     It  follows,  then,  that  fine  or  bad  weather 
may  continue,  however  high  the  mercury  may  be 
in  the  barometer ;  and  ftill  this  does  not  weaken  the 
explanation  which  has  before  been  given  of  this 
faft. 

Qbfervation,  however,  in  theft  cafes  is  always 
preferable  to  theory  j  and  from  long  and  attentive 
obfervarion,  and  from  a  careful  infpedtion  of  thofe 
of  other  philofophers,  Mr.  Adams  was  enabled  to 
lay  down  the  following  principles  in  his  ufeful  trea- 
tife  on  this  inftrument. 

i.  It  generally  happens,  that,  when  the  mercury 
in  the  tube  falls,  the  air  being  lighter,  it  will  depofit 
its  vapour,  and  produce  rain :  but  when  it  rifts,  the     , 
air  being  heavier,  the  vapours  will  be  fupported,  and 
fine  weather  is  the  ufual  confequence. 

2.   When  the  mercury  falls  in  frofty  weather, 
either  fnow  or  a  thaw  may  be  expe&ed ;  but  if  it 

fifes 
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rifes  in  the  winter  with  a  ftorth  or  eaft  wind,  it  ge- 
nerally forebodes  a  froft. 

3-  It  is  neceffary  to  attend  to  the  progrefs  of  the 
rile  and  fall ;  thus,  if  it  (inks  (lowly,  the  rain  may  be 
expe£ted  to  be  of  fome  continuance.  In  the  fame 
manner,  when  the  mercury  rifes  gradually,  we  may 
be  inclined  to  believe,  that  the  fine  weather  will*be 
lafting. 

4.  When  the  barometer  is  fluctuating,  rifing  and 
falling  fuddeniy,  the  weather  may  be  expected  to  be 
like  it,  changeable. 

5.  When  it  falls  very  low,  there  will  be  much  rain. 

6.  But  if  its  fall  is  low  and  fudden,  a  high  wind 
frequently  follows. 

7.  When  an  extraordinary  fall  of  the  mercury  hap- 
pens, without  any  remarkable  change  near  at  hand, 
there  is  fome  probability  of  a  ftorm  at  a  diftance. 

8.  The  barometer  will  defcend  fomerimes  as  an 
indication  of  wind  only  j  nor  is  its  rife  always  a  cer- 
tain fign  of  fair  weather,  particularly  if  the  wind  is 
to  the  north  or  the  eaft. 

9.  A  north-eaft  wind  generally  caufes  the  baro- 
meter in  England  to  rife,  and  it  is  generally  lowed: 
with  a  fouth-weft  wind. 

If  the  air  in  foggy  weather  becomes  hotter  by 
the  a&ion  of  the  fun  alone,  the  fog  generally  diffi- 
pates,  and  the  air  remains  ferene  y  but  if  the  baro- 
meter falls,  and  the  change  of  temperature  is  from 
a  fouth  or  fouth-weft  wind,  the  fog  rifes  and  forms 
into  clouds,  and  its  afcent  is  generally  a  fign  of 
rain. 

«  We 


52.8  Propionics  of  Weather        [BookV 

"  We  have,"  fays'  Mr.  Adams,  €t  at  prefcnt 
certain  data  from  obfervations,  whereby  certain  a» 
clufions  may  be  formed  relative  to  fogs,  and  the* 
connedtion  with  rain/* 

In  winter,  when  the  cold  decreafes  fuddenly,  m 
may  be  expe&ed*  but  in  fummer,  a  iudden  incrolt 
of  heat  forebodes  rain. 

IV.  Several  prognoftic  figns  of  the  weather  imr 
be  collefted  from  the  various  ajppearances  of  d* 
clouds;  when  they  appear  to  diflblve  fuddenly  into 
air,  and  become  invifible,  it  may  be  confideredasa 
ftrong  indication  of  fair  weather ;  but,  on  the  con- 
trary, when  they  feem  to  form  themfelves  into  maffes 
from  the  furrounding  air,  and  to  increafe  in  denfity 
and  magnitude,  rain  may  reafonably  be  prafcfted 

Upon  the  approach  of  heavy  rain  every  cJooJ 
rifes  larger  than  the  preceding  one,  efpecially  fo 
when  a  thunder- dorm  is  near,  when  fmall  fragments 
of  clouds  collect,  and  in  a  little  time  cover  the 
whole  face  of  the  £ky.  Fifliermen,  by  this  rule, 
frequently  prognofticate  a  ftorm,  from  a  fmall  point 
of  a  cloud  appearing  on  the  vifible  horizon  at  fca. 

When  the  clouds  appear  like  fleeces,  deep  and 
denfe  towards  the  middle,  and  white  at  the  edges, 
with  a  bright  blue  fky  about  them,  either  hafiy 
ihowers  pf  rain,  hail,  or  fnow,  may  be  expe&ed. 

Mr.  Jones,  in  his  philofophical  diJquifirions,  fay*> 

that  he  predi<5ted  a  high  wind  forty  hours  before  k 

began,  from  the  complexion  of  a  finglc  cloud,  with 

white  edges,  and  dark  diverging  lines  front  it;  *6f 
a*  this 
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"this    appearance  there  was  a  great  ftorm>  which 
.  laftcd  for  two  days  and  ?Wo  nights. 

When  the  clouds,  as  they  come  forward,  appear 
to  diverge  from  a  point  in  the  horizon,  a  wind  may 
be  predi&ed,  either  from  that  or  the  oppofitt 
quarter. 

When  the  iky  is  covered  with  clouds  above,  ami 
there  are  fmall  black  fragments  of  clouds,  like 
frnoke,  flying,  underneath,  rain  is  generally  near, 
and  frequently  lading. 

The  mod  certain  fign  of  rain  is  two  different 
currents  of  clouds,  efpecially  if  the  lower  current 
flies  faft  before  the  wind ;  when  two  fuch  currents 
appear  in  hot  weather,  they  forebode  a  thunder** 
ftorm. 

The  inhabitants  of  the  Alps,  when  diftant  obje&S 
appear  diftinft  and  well  defined,  and  when  the  iky 
appears  of  a  deep  blue,  fuppofe  it  a  decifivc  fign  of 
rain,  though  no  other  fign  of  it  may  appear.  v  Thd 
b^uc  colour  of  the  iky  in  any  .country  is  certainly 
occafioned  by  a  quantity  of  vapour  equally  diffufed 
through  the  air  at  the  time. 

Mr.  Adams  obferves  of  the  dew*  that,  whecr  it 
appears  plentifully  upon  the  grafs  after  a  fair  dayf 
another  fair  day  may  be  expe£ted ;  but  if  after  fuch 
a  fair  day  there  is  no  dew  upon  the  ground,-  and  ho 
wind  ftirring,  it  is  a  fign  that  the  vapours  afeend, 
and  that  there  will  be  an  accumulation  above, 
which  mult  terminate  in  rain.  When  the  dew,  or 
hoar  froft,  abounds  at  an  unufual  feafon,  and  the 
barometer  is  low,  it  is  in  general  a  fign  of  rain* 
Y«u L  Mm  V,  At 
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V.   As  Ac  fiy  indicates  the  ftate  of  thfc  va 
in  the  atmofphere,  its  colour  may  be  confiderecS 
an  index  to  the  weather. 

When  the  vapours,  which  appear   red   in 
evening,  are"  difperfed,  the  Iky  in  the  morning 
general*  becomes  clear ;  but  when  they  continue 
float  in  the  atmolphere,  the  morning  (ky  bceom 
red  alfo;  and  rain  frequently  follows. 

When  a  lowring  fednefs  breads  far  upwards  from 
the  horizon,  whether  in  the  morning  or  evening,  ix 
is  fucceed'ed  freqiiendy  by  either  rain  or  wind,  fame*- 
times  by  both. 

When  a  rednefs  ih  the  iky  extends  towards  die 
jzenith  in  die  evening,  the  wind  may  be  expected  t<* 
proceed  from  the  weft,  or  fouth-weft,  accompanied 
With  rain  in  confiderable  quantity.     Perhaps  ooe 
of  the  moft  certain  figns  of  fine  weather  is  the  lofti- 
nefs  of  the  canopy  of  the  fky. 
•    As  the  rays  of  light  which  pafs  from  the  fan, 
moon,  or  ftars,  to  the  earth,  are  certainly  afirb&ed 
in  their  colour  by  the  ftate  of  the  vapours  through 
which  they  pafs,  thofe  colours  may  be  confidered  as 
indications  of  the  quantity  and  nature  of  thofe  va- 
pours. 

When  the  clouds  in  the  eaft,  about  fan-rife,  ap- 
pear of  a  gay  orange  colour,  it  is  generally^  and 
tiot  improperly,  fappofed  to  be  a  fign  of  ram. 

4 

m'  VI.  The  firft  of  Roman  poets,  and  not  the  hft 
t>f  natural  philofophers,  Virgrl,  bbferves,  that  a  pale 
moon;  is  a- fign  of  rainj  that  fc  Ted  brie  forebodes 
1  *     '    3  vlodi 
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wiud  *  and  that  wbea  (he  wears  Jicr  own  nqtiira} 
iffhitenefs,  with  a  ferene  Iky,  it  is  a  fign  of  f^ix; 
weather. 

Mr.  Jones,  in  his  phyfiological  difquifitions,  fays^ 
that  when  it  rains  during  a  moon,  the  Following 
change  will  probably,  produce  clear  weather  for  a 
few  days,  and  then  a  continuation  of  rain ;  but  on 
the  contrary,  when  it  has  been  fain  thropghouc,  ami 
i;  iraips  at  the  change,  the  fair  weather  will  proba- 
bly be  reftored  about  the  fourth  or  fifth  day  of  fhe 
JD99a,   and  continue'  as  before.    This  gendeman 
adds  confiderable  wejght  to  this  obfervation*  by  af~ 
fming,  that  he  has  made  hay  after  thefe  prognostics 
&f  twenty  years,  without  having  once  had  the  mor- 
tification to  fee  it  damaged  by  rain.    J  muft,  hpw- 
jever,  confefe,  that  (he  reafon  of  tfje  fe&  i?  not  c|eaf 
to  my  mind  \  and  I  therefore  give  it  Iblely  uj>oft 
his  aijthority,  and  recommend  it  to  future  obferver? 
to  confute  or  confirm  it  by  accurate  obfervariofls, 

V II.    A  whittling,  howling  wind  has  been  ge- . 
nerally  efteemed  almoft  an  infallible  fign  of  rain. 

Mr.  Adams,  in  the  diflertation  which  has  been 
quoted,  has  prefented  us  with  fome  ufeful  obferva- 
tions  on  warm  and  cold  weather.  Living  vegeta- 
bles, fays  he,  have  a  confidcrable  effeft  in  altering 
climates  and  affe&ing  the  weather.  » Woody  coun- 
tries are  much  colder  than  thofe  that  are  open  and 
cultivated.  As  a  proof  of  this  hypothefis,  Guiana  is 
commonly  adduced,  of  which  only  a  part  has  been 
cleared  from  wood  fince  the  beginning  of  this  cen- 

M  m  2  '      tury  * 
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tury ;  the  heat  in  that  part  is  already  become  ex- 
ceflive  j  whereas,  in  the  woody  parts  of  the  fame 
>■  country  the  inhabitants  are  obliged  to  light  a  fire 
every  night. 

It  is  alfo  juftly  obferyed,  that  water  abounds  mod 
in  woody  countries ;  that  the  pureft  fprings  arc  ge- 
nerally found  beneath  the  friendly  fhelter  of  a  grove; 
and'  that  in  proportion  as  the  woodlands  in  any 
country  ar$  cleared,  the  watercourfes  are  diitti- 
fiiihed,      - 

Hence  may  be  inferred  the  neceffity  of  prdenr- 
ing  trees  about  thofe  places  whence  wacer-Jprings 
difcharge  their  currents,  if  it  is  an  objeft  to  prefave 
them;  and  alfo  of  improving  fmall  fprings,  bf 
planting  trees  around  them,  and  efpecially  oaks* 

And  hence,  alfo,  it  is  a  fair  conclufion,  that  ia 
this  climate,  where  the  cold  certainly  predominates* 
woody  fituations. cannot  be  wholefome;  and  that, 
adjacent  to  houfes  efpecially,  the  land  fliould  be 
laid  open* 


\ 
\ 
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AEROSTATION. 


I    Tfyfcry  rf  Jeroftati*n~—Difcovtry  of  Air  Balloons  by  M.  M.  Mont- 

I  gtifier.  —Fir/t  Balkan  exhibited  at  Amtonay.— Balloon  filed  Gritb 

inflammable  Air  exhibited*  at  Paris.— Pilatrt  dt  Roxier  a/cendt 

in  a  Balloon.— Firft  Balloon  exhibited  in  England.— Af cent  of 

.  M,  Lunar di.— Voyage  of  M.  Blanchard  and  Dr.  Jefferie*  acrofs 

1  the  Channel. -^Unfortunate  Cataflropke  of  M.  AT.  de  Roxier  and 

.  Remain.— Mr.  Baldwin's  Description  of  the  ProfpeQfram  a  Bed* 

Joon<— Principles  of  Aero/lotion.— Modes  of filing  Balloons.— Ufe 

to  which  they  have  been  applied* 


t 


WHEN  the  principles  of  natural  philofophy* 
arc  confined  to  ,  theory  only,  they  may 

1  amufe  and  inftruft  the  inquiring  few,  without  excit- 
ing either  the  curioficy  or  admiration  ofthemulti- 

1  tude ;  but  when  thole  theories  are  reduced  ro  pra&ice, 
and  illuftrated  by  experiments,  it  becomes  then  more 
generally  in  te  re  (ling,  and  attracts  the  attention  of 
the  moft  uninformed  minds.  Perhaps  the  princi- 
ples upon  which  the  air  balloons  are  conftru&ed 
might  be  among  the  amufing  fpecuktions  of  a 
Boyle  or  of  a  Newton,  but  the  a&ual  exhibjjtiop  of 
thofe  aerial  machines  was  referved  to  awake  the  cu- 
riofity,  and  excite  the  aftoni£hmet|£?  of  the  prefect 

**•     "  >  Mr, 

•  Boyle  and  Newton  were  certainly  fo  far  acquainted  with 
the  general  properties  of  air,  as  to  obferve,  that  frnoke  and  heat* 
«4  V*  would  afcend ;  am}  we  have  already  Qjrferved,  in  treating 

M  m  3  of 
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The  Hon.  Henry  Cayendilh,  in  the  year  1764 
di (covered  that  inflammable  air  was  at  lead  firrtn 
times  lighter  than  comjnon  air.     Soon  after  this  c 
occurred  to  Dr.  Black,  that  if  a  bladder,  fufficiendr 
light  and  thin,  ^ras  filled  with  this  air,  as   the  imfc 
would  be  fpecifically  lighter  than  the  fame    bulk  cl 
common  air,  it  would  neceflarily  rife  in    that  fluid. 
A  few  years  afterwards  Mr.  Cavallo  made  force 
experiments  on  this  fubjeft,  and  to  him  belongs  tfce 
honour  of  bringing  the  fuggeftion  of  E>r.    Black 
firft  into  public  notice,  in  a  paper  which  was  read 
to  the  Royal  Society  on  the  acth  of  June   1782. 
He  found  that  the  thinneft  bladders  were  too  bczvyx 
and  that  China  paper  was  permeable  to  the  ixiflam-  . 
fbableair;  he  proceeded  therefore  no  further  than 
blowing  up  foap- bubbles   with   inflammable  air, 
which  afcended  rapidly  to  the  ceiling  of  a  room*  and 
broke  againft  it,  and  thefe  may  be  termed  the  firft 
inflammable  air  balloons  which  were  ever  exhibited. 
*   WHlte  the  art  of  aeroftation   was  thus  on  the 

*  

point  of  being  difcovered  in  Britain,  M.  M.  Stephen 
and  Jofeph  Mortfgolfier,  paper  manufacturers  at 
l&nnonay,  in  France,  diftinguifhed  diemfclves  by 
exhibirirtg  an  aeroftatic  machine  of  confiderabJe 
magnitude^.  - 
't-o  "    :  •.":  "     ' .  *  ■•  After 

fef  the  <$fcoveriej  made  upon  air,  that  Van  Hehndnt^a  difcipJe 
of  Earacelfus,  gave  the  name  of  gas  jfylveftre,  to  that  /pedes  of 
fetr  'tthich  was  feparated  from  terreftrial  bodies  by  means  of  fer- 
jDenUtioi),  &c.       ,         . 

m  n 

"'•'•  The  prlhttfle  opon  which  tfce^aetfa!  machines- of  Mcflb. 
iMtifitgblfler  "Wbre  tbnftraclcd  was  t&tf  of  air  rarefied  by  J**r, 


fc. 


I 
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^  After1  various  inferior  experiments,  a~grand  one 

was  made  at  Annonay,  on  the  5  th  of  J  line,  1783, 

before  a  great  -  multitude  of  fpe&ators,    A  flaccid 

l      t>ag  was  kifpended  on  a  pole  thirty-five  feet  high; 

I       itraw   and  chopped  wool  were   burnt  under  the 

opening  at  the  bottom;  the  vapour,, or  rather  fmokc, 

•loon  inflated  the  bag  fb  as  to  diftend  it  in  all  its 

parts,  and  this  immenfe  mafs  afcended  in  the  air 

with  fuch  rapidity,  that  in  kfc  than  ten  minutes  it 

I         reached  the  height  oT  fix  thoufand  feet.     It  was 

carried  in  a  horizontal  direction  to  the  diliancc  of 

'         feven  thoufand  fix  hundred  and  fixty-  eight  feet,  and 

then  defcended  gently  on  the  ground 

The  true  caufe  of  the  afcent  of  thefe  machines  i§, 
the  air  being  rarified  and  expanded  within  them  bf 
Jthe  application  of  heat,. 

Thefe  experiments  were  no  fboner  communi- 
cated to  the  philofophers  of  Paris,  than  it  occurred 
to  them,  that  as  the  weight  of  inflammable  air  was 
not  more  than  the  eighth  or  tenth  part  of  that  pf 
common  air,  a  balloon  might  be  inflated  with  this 
light  air,  which  would  anfwer  all  the  purpofes  of 
thofe  of  M.  Montgolfier,  with  feveral  additional 
advantages.  They  conftru&ed  a  globe  of  luteftring, 
which  was  made  impervious  to  the  inclofcd  air  bf 
a>  varnifh  of  elaftic  gum  diflblvcd  in  ipirits  or  eflen-*. 

by  which  it  became  expanded,  and  therefore  4ifyofe4.to  afcead 
into  the  common  air.  As  in  various  other  phUofophical  expe- 
riments,  fo  in  this  of  the*  tw6  brothers,  accident  offered  her  pre- 
carious aid,  and.  they  had  the  judgment  to  make  a  proper  appIU 
^uon  jif  a  caftal  disomy.'  .     . 

.    ..  M  m  4 1  tial 
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tialoii.rrpn,d|*^  ■ 

to  fill  a  glolpe  ofthirteen  feet  diameter  with  ififlara* . _ 
mable  airr  oa  the  aT^h  of  the  fame  month  ic  was  . 
carried  to  thc-Cjiamps.  de  Mars^  and-  being  dffeh* . 
gaged  from .  the  cords,  it  aroje  in  two  ipinutcs. 
to  the  height  of  three  thoufand  one  hundred  and    * 
twenty-three  feet.     When  4;Ws  balloon  wefltup^-ilp 
weight,  was  thirty-five  pounds  lefs  than  t^e  faana  ; 

bulk  of  common  air,-  -       '     ■.  .    m\j  ♦:*  <    f 

*  *  * 

The  firft  perfon  who.  afcended  into  the  ^tmoipbere    * 
in  one  of  thefe  machines  wa$M*  Pilacrfi  de  R*zkf.  *  - 
Or  the  15  th  of  O&ober,  17833  this  ad  v^tqrf  patent  .v 
up  from  a  garden  in  the  FauxbouFg  $c«.Aftfotfi$  in.; 
Paris,  in  a  balloon   of  the  Mpntgolf^er  kind*  or>ri 
thofe  inflated  brheat  or  rarefied  air  y  :it$  4itimwi^>  1 
was  .about  forty-eight  fect,%  and   ita  height  ahout   -> 
feventy  four;  )ie  afcended  from  amidft  an  aftoaifhed  .: 
multitude  to  the  height  of  eighty-four  feci  front 
the, ground,  aj&4  there  kept  the  machine  a#o?t  dui>     . 
iog  four  hour^  and  twerwy-ftre  minutes.*  by  repeat    : 
edly  throwing  ftraw  arid  wool  upon  the  £r£<«le 
then  defcended  to  the  gtouftd,  and  the  inu*pid  ad- 
venturer affured  the  fpe&ators*  that  he  hadJnotre-*, .-,.. 
ccived  the  leaf}:  inconvenience  tf  wrings  J\is  aerial ».. 
fxcurfion.  ;   .  .  ... 

The  firft  balloon  was.  exhibited  in  England  oa>  . 
the  .25  th  November,  1783,  in  the  Artillerynground,.  :• 
Lonffofy  by  Cpunt  .Zambeccari^  an .  ingenious .  - 
Italian*  ,.Jt  was  launched  jfrom.  tfcat  place  at  onc._. 
p'clg^k  wiji.  fhq  ^fterno^n,..  and  %t  h%lf  paft  three  was  .  -. 
taken  up  near  Petworth,  in  Sufiex,  forty-eight  miles 

from 


ram  London*  •  It  therefore  went  rieiriy  at  the  rate 
of  twenty  miles  ail  hour,  and  its  defcent  was  rocca- 
fioned  by  a  rait  (bppofed  to  be  the  efleft  of  the 
rarefaction  of  the  inflammable  air,  when  the  bal- 
loon  afcended  to  the  rater  part  of  the  atmo- 
fphere. 

The  firft  aerial  navigator,  however,,  who  arriufed 
the  intelligent)  and  aftonifhed  the  uninformed)  of 
this  Country,  was  Vincent  Lunardi,  a  native  of  Italy; 
1   his  balloon  was  about  thirty-five  feet  diameter  s  the 
air  for  filling  it  was  produced  from  zinc,  by  means 
of  a  diluted  vitriolic  acid.    He  afcended  from  die1 
Artillery-ground  at  two  o'clock,  oh  the  15th  of 
Septemberf  1784.    His  balloon  firft  took  the  di- 
rection of  north  weft  by  weft,  but  it  loon  fell  foto  a 
{Current  of  air  which  -carried  it  nearly  north.    At 
tea  minutes  paft  four  he  defcended  on  a  meadow 
neat  Ware,  in  Hertford  (hire :  during  the  courfeof 
his  voyage  the  thermometer  was  as  low  as  29*,  and 
the  dnops  at  water  whkh  adher6d  to  the  ballbon 
were  froieri.  \ 

I  *  as  myfclf  a  fpeftator  of  Ac  flight  of  M.  tunardi^ 
and  I  multleohfefs  I  nevet  wis  prefent  at  a  fight  lb 
interefting  and  fublime.   Thebeaoty  of  the  gradual 
afcent,  united  with  a  fentiment  of  terror  oh  ac- 
count  of  the  dagger  of  the  rifcn,  and  the  novelty  and 
grandeur  of  the  whole  appearance,  are  ipore  thah 
word*  can  expreft.  .  A  delicate  woman  was  fo  over- 
come with  thfc  ipeftacle,  thit  (he  died  upon  the  (pot 
is  the  ballfcoh  afcended  \  IcYdraL  fainted  *  and  the 
•  -:'  "  filent 


•  * 
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filefcr  adrogation  of  eh&  anxious  multitude  was  be* 
yond  any  thing  *  I  ;had  ever  ( beheld- 
'-  T3be  raoft  daring:  *)f  all  acrid  voyages,  tiowever* 
vtat  thai  performed  on  the  7  th  of  January,  i7$£> 
by  M.  Blaiwhard  and  Dr.  Jeffries,  acrofs  the 
Straits  of  Dover  to  France.  At  about  one  o'clock* 
the  balloon  was  launched  near  the  high  diffin  that 
Vicinity  j  the  baited:  was  all  thrown  out  except 
three  bogs  often  pounds  each;  thene  being  i>ut  little 
wind  their  progpefe  was  very  flow ;  .they  defcribed 
the  profpeft  which  they  had  of  the  fouthernxoaft  of 
Eaglandag  extremely  delightful  %  and  they  were  able 
to  cotirtt  thirty*feven  villages.  ^Perceiving  the  ma- 
chine *6  dtfeend,  they  threw  out  at  feveral  times 
all  *heir  baliaft,  books,  &c.  and  at  about  cwenty- 
five  minutes;  paft  two,  they  had  a  ttioft  enchanting 
ptotipeGt  oft  the  French  coaft.  c.Wc  threw  away/ 
Kays' Dr.  Jeffries,  c  our  only  bottle,  which,  in  it* 
tkfceot,  caft  out^a  fieam  lake  frnoke,  wi^h  a  rufli- 
mg>  noife,  and  when  icftrock  the  water,  we  heard 
and  felt  the  fhock  very  perceptibly  on  our  car  and 
im  theJ>alk>onr*  At  -length  they  paffed  over  <the 
Jwgh  lands  betwecp^C ape  Wane  and  Calais>  ^whet) 
the  machine  rofe  to  a  greater -height  ^  than  it  hod 
reached  during  the  whole  voyage.  They  defcend- 
wi  in  fofety  aroorxg  ibme  trees  in  the  ^  fo  reft  of 
iGuicnnes*  Inv  confequepce  of  this  voyage,  the 
-king  <of  France  prefanted  M.  Blanphard  *  wkh  a 
^mrfe  of  •  izjooo >  Hwes,  .and  granted:  hira  .a  penfion 
if  i,aoo  2i*its4uyear. 
- •»    •  j. ne 
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The  art  of  navigating  through  the  *ir  made  fo 
rapid  a  progrefs,  that  within  two  years  from  its  firft 
dilcovery  more  than  forty  different  perfon*  per* 
formed  the  experiment  without  any  material  injury* 
and  it  may  be  juftly  queftioned,  fays  M.  Cavaflo, 
whether  the  firft  forty  perfons  who  trufled  them- 
felves  to  the  fea  in  boats  or  veflels  efcaped  fo  fafe. 
We  muft,  however,  conclude  this  account  df  aerial 
travellers  by  a  melancholy  fad,  the  fate  of  the 
gallant  Rozier  (who  had  been  *the  firft  aerial  na- 
vigator) and  of  his  companion,  M.  Romain. 

This  unfortunate  experiment ^was  undertaken  with 

a  view  of  difcovering  a  method  of  railing  or  lower* 

?ng  aeroftatic  machines  at  pleafure.    For  this  pur- 

pofe  a  fmall  balloon  with  rarefied  air  was  attached 

to  the  larger  one,  which  was  filled  Avith  in  flammable 

pr.    The  fmall  montgolfier  was  pkefed  at  a  pro* 

per  diftanee  beneath  the  larger  '  one,  and  it  was 

fuppbfed,  that  by  increafing  or  diminishing  the  fire 

in  the  lower  machine,  the  abfolure  weight  of  the 

whole  would  be  proportionably  diminifhed  or  *ug- 

jnented.. 

On  the  14th  6f  Jurte,  17*$,  thefe  genttefticA 
afcended  in  the  machine,  prepared  <as  has  been  re- 
lated. They  had  not  been  long  in  the  air,  when 
the  balloon,  filled  with  inflammable  air,  ^vas  feen 
to  fwell  very  confiderfibly,  and  die  aeronauts  (ap- 
peared very  anxious  to  open  thfc  valves,  and  faci- 
litate their  defdent,  by  letting  the  inflammable  air 
jefcape.  The  whole  machine  was  "fhortly  after  tib* 
ferved  to  be  on  fire,  at  die  height  of  about  three 

quarto* 
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quarters  of  a  mile  from  the  ground*  The  filk, 
which  compofed  the  inflammable  balloon,  was  abotic 
a  minute  after  perceived  to  coHkpfe,  and  the  appa- 
ratus defended  with  fuch  rapidity  that  both  of  the 
gentlemen  were  killed.  M.  P.  de  Rozier  appeared 
quite  dead  when  he  reached  the  ground ;  M.  Ro*. 
main  was  found  widi  fome  figns  of  lift,  tut  ex- 
pired almoft  immediately  after. 

This  dreadful  cataftrophe  fecms  to  have  con- 
tributed to  put  an  end  to  thefc  experiments.  *  Mr. 
Baldwin,  of  Chefter,  however,  afcended  from  that 
city  in  the  month  of  September,  in  the  fame  year, 
ancl  has  published  a  very  accurate  and  curious  ac- 
count of  his  obfervations  during  his  voyage* "  In 
his  afcent  he  obferved,  that  the  lowed  bed  of  va« 
jour  neaitft  the  earth  appeared  like  pure  white 
clouds  in  detached  pieces,  which  ieemed  to  ihereafe 
*s  he  rofe.  They  prefently  coalefced,  and  farmed, 
49  he  (ays,  *  i  fea  of  cotton,  tufting  here  and  there 
by  the  allien  of  the  air  in  the  undifturbed  part  of 

the  clouds/    The  whole  loon  became  an  extended 

i  •  •      •  • 

white  floor  of  cloud ;  above  which,  at  great  and 
OTeqoaTdiftances,  he  obferved  a  vaft  afiemblage  of 
thunder  clouds,  each  parcel  confiding  of  whole 
acres  in  the  denfeft  form  $  he  compares  their  form 
and  appearance  to  the  fmoke  of  cannon,  only  den- 
ier, and  fomewhat  refcmWing  vaft  mafies  of  fnow. 
JSome  clouds  had  motions  in  flow  and  various  di- 
ft&ions,  forming  ft  fcene  upon  the  whole  truly 
ftupendous  and  majeftic. 
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:      The  principles  on  which  balloons  afcend  in  the 

atmofphere  will,  after  what  has  been  ftated,   be. 

l  eafily  underftood.    It  is  a  well  known  rule  in  hy- 

{  droftatics,  that  when  a  body  is  immerfed  in  any. 

ftuid,  if  its  weight  is  lefs  than  an  equal  bulk  of  that 

fluid,   it'  will,  rife  to  the  furface,  but  if  heavier  it 

.    *riil  fink,,  and  if  equal  it  will  remain  in  the  place 

where  it  is  firft  ftationed.     On  this  principle,  fmokc 

or  vapour  afcends  in  the  atmofphere,  and  heated 

air  in  that  which  is  colder. .  That  heated  air  ^wiH 

afcend  is  eafily  proved,  by.  bringing  a  red-hot  iroa 

tinder  a  fcale  of  a  balance,   which  will  inftantljr 

afcend,  becaufe  the  hot  4ir,  being  lighter  than  that 

which  is. colder,  afcends,  and  ftrikes  the  "bottom, 

and  impels  it  upwards  s  but <  as  the  denfity  of  the 

atmofphere  decrcafes,  on  account  of  the  diminiflhed 

preflure  of  the  fuperincumbent  air,  and  the  elaftib 

property  which  it  pbffcfles,  at  different  elevations 

above  the  earth,  an  air  balloon  can  rife  only  to  a 

height  in  which  the  furrounding  air  will  be  of  the 

lame  fpecific  gravity  with  itfelf     When.it  is  in  this 

fituarion,  it  will  either  float,  or  be  carried  in  a  di- 

reftion  with  the  wind  or  current  of  air  which  ic 

may  happen  to  encounter  in  thofe  upper  .regions.  . 

The  whole  theory  o£  aeroftation  depends  upon 

this  principle ;  for  the  fame  effeft  is  produced, 

whether  we  make  tKc  air  fighter,  by  introducing 

Jieatinto  it,"  or  inclolirig  a  quantity  of  gas  lighter 

than  the  common  air ;  both  will  afcend  on  the  Tame 

principle.     Philofophera   have  fbuijd    by  experi* 

meats,  that  a  cubic  foot  of  air  weighs  about  fire 

hundred 
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^hundred  and  fifty-four  grains,  a/id  that  it  is  ex- 
panded by  every  degree  of  he*t  marked  on  Fah- 
renheit's diermometer,  about  one  five-hundredth 
part  of  the  whole  >  by  heating,  therefore*  a  quan- 
tity of  air  to  five  hundred  degrees,  we  double  its 
bulk  when  the  thermometer  (lands  at  540  in  tho 
open  air,  and  consequently  its  weight  will  be  dimi- 
nished in  the  feme  prpportion. 

With  refped  to  the  mode  of  inflating  a  balloon 
With  heated  air,  nothing  more  is  neceffijy  thap  the 
inje&ion  of  heat  into  the  machine,  by  burning- com* 
buftibles  under  it.  The  air  for  filling  the  jnfiatp-* 
mable  air-balloons  may  be  obtained,  in  feveral 
ways  *  but  the  belt  methods  are,  by  applying  acids 
to  certain  metals,  or  by  expofing  a  quantity  o(  wateg 
yith  certain  mineral  fubftances,  in  a  clofe  vefiel,  to  a 
ftrong  fire.  M*  Lavoifier,  for  this  purpofe,  made 
the  fteam  of  boiling  water  pals  through  the  barrel 
of  a  gun  kept  red-hot  by  burning  coals.  Dr. 
Prieftley  recommends  a  tube  of  red-hot  brafs,  filled 
with  fmall  pieces  of  iron.  By  this  method  inflam- 
mable air  is  produced,  the  fpecific  gravity  of  which 
is  to  that  of  common  air  as  1  to  13. 

The  bell  varnifh  for  coating  the  filk  of  the  bal- 
loon, in  order  to  retain  the  inflammable  air,  is  that 
ufed  by  M.  Blanchard,  which  confifts  of  elafti^ 
gum,  or  caoutchouc,  cut  fmall,  and  boiled  in  five 
times  its  weight  of  oil  of  turpentine,  the  folutioa 
being  afterwards  boiled  for  a  few  minutes  with  dry- 
ing linfeed  oil.  This  varnifh  mud  be  ufed  warm. 
An  aperture,  with  a  valve,  to  which  is  attached 

a  cord* 
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i  cord,  rnuft  be  left  in  the  top  of  the  balloon,  to 
prevent  its  burfting,  by  too  great  inflation,  in  the 
higher  regions,  where  the  air  is  lefs  denfe.  • 

The   only  praftical  ufe  hitherto  difcovered   for 

balloons,    is  that  to  which  the  French  engineers 

have  applied  them  in  the  prefent  war,  which  is,  by 

1  railing  them  to  a  convenient  height,  to  enable  the 

engineer  to  reconnoitre  the  camp  of  the  enemy,  or 

j  a  fortified  place,  fo  that  he  caff  dittSt  the  attack  to 

1   that  part  which  is  mod  eafily.  affiled.  .    '     - 

i        That  fo  curious  aa  invention-  toould,  however, 

i    terminate  here,,  it  is  not  eafy~to  believe.     The 

curiofity  of  the  public  has  (of  the  prefent  been  fa- 

1     tiated ;  and  the  few  accidents  which  have  happened 

1     have  diminifhed  the  fpirit  of  adventure.     The  dif- 

{      ficulty,  indeed,  of  •  regulating  the  courfe  of  thefe 

aerial  machines  feems  an  almoft  infurmountable  bar 

to  their  general  utility.     But  who  will  prefume  to 

fet  bounds  to  the  ingenuity  and  courage  of  man  ? 

The  firft  mortal,  who  committed  himfelf  to  the 

•     waves  on  a  mifliapen  raft,  had  probably  no  fufpicion 

of  eventhofe  trivial  improvements  which  were  foon 

to  fucceed ;  and  the  art  of  navigation  was  long 

known,  before  the  mariners  compafe  enabled  the 

daring  but  fcientific  genius  of  a  Columbus  to  tra- 

verfe  the  vaft  expanfe  of  the  Atlantic  ocean* 
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